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RESULTS OF SUBCOSTAL PLOMBAGE IN PULMONARY 
TUBERCULOSIS WITH A CONSIDERATION OF 
CHANGING INDICATIONS 


Armand A. Lefemine, M.D.,* William W. Wilson, M.D.,** and 
Dwight E. Harken, M.D.,*** Rutland, Mass. 


" Secseatnaies in tuberculosis has effected a radical change in the surgical 
approach to this disease. <A series of effective drugs, after the introduction 
of streptomycin, has enabled thoracic surgeons to be more direct and more 
vigorous in their attack on localized disease and destroyed lung. Many of the 
well-recognized collapse procedures have now Kecome obsolete and those that 
remain have come to more circumscribed roles in the therapy of this disease. 

A group of 90 patients who underwent ninety-eight subcostal-extra- 
periosteal plombage operations from January, 1952, to January, 1957, have 
been followed and are reported here. 

Patients were initially selected on the basis of cavitary disease in the 
upper lobes, usually with positive sputa which did not respond or progressed 
on adequate medical therapy. Large, peripheral, thin-walled cavities were 
considered a contraindication because of the possibility of erosion. Fig. 1 
indicates the frequency with which resection and plombage have been per- 
formed each year since 1949 at the Rutland Heights Veterans Administration 
Hospital. 

It is evident that the indications for resection have broadened with the 
advent and availability of effective chemotherapeutic agents. During this 
period plombage has been increasingly used in cases in which there was hope of 
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salvage and in which the patients were not candidates for resection. Thus, 
active disease, drug resistance, reduced pulmonary function, malnutrition, 
diffuse bilateral disease, and bilateral cavities often characterized this group. 

The preoperative status of this group can be most accurately defined 
by a consideration of (1) the radiologic extent of pulmonary disease, (2) the 
sputum status, (3) drug resistance, (4) pulmonary function, and (5) previous 
surgery. 
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Fig. 1. 


MATERIAL 


Extent of Disease—All of the patients were arbitrarily classified into 
four groups according to the severity of their disease by x-ray examination: 
Group I—unilatereal disease localized to the upper lobe; Group IJ—extensive 
unilateral disease; Group I/IJ—bilateral disease with unilateral cavity; Group 
IV—bilateral extensive disease with bilateral cavities. 

Ninety per cent of this group had extensive bilateral disease of which 
about half had bilateral cavities (Table I). Measurable cavities were found 
in 70 of the 90 patients. In the remainder, the upper lobe disease consisted 
of fibrocalcifie lesions with associated ‘‘honeycombing.’’ The cavities or 
cavitary area, if multiple cavities were present, varied from 1 to 8 em. in 
diameter. The average size was 3.9 em. 


TABLE I. X-RAY CLASSIFICATION OF 90 PATIENTS WHO UNDERWENT SUBCOSTAL- 
EXTRAPERIOSTEAL PLOMBAGE OPERATIONS 


| GROUP 

I | I | ul IV 
Sputum positive 6 2 34 32 
Sputum negative i 0 11 4 
Total 7 2 45 36 
Per cent 8 2 50 40 


Sputum Status——The preoperative sputum was positive by smear or 
culture in 83 per cent of the group. The remainder had open negative cavities 
that required surgical collapse. 


Resistance.—All patients received streptomycin or dihydrostreptomycin 
at some time in the course of their disease. Sixty-six (73 per cent) received 
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courses of streptomycin and para-aminosalicylic acid as part of their original 
therapy. Other drugs used with streptomycin or in combination with each 
other included: isoniazid (51), pyrazineearboxamide (15), viomyein (3), and 
thiosemicarbazone (1). 


Fig. 2.—Group I: Patient with cavity and disease limited to right upper lobe. Excellent 
collapse by plombage. 


Fig. 3—Group II: Extensive unilateral disease treated by extensive plombage (56 


polyethylene spheres). This patient developed a bronchial fistula 4 years later which required 
thoracoplasty plus myoplasty. 
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Early in the series, the tendency was to use short courses of streptomycin 
combined with para-aminosalicylie acid. As new drugs were added to the 
armamentarium the duration of drug therapy increased markedly so that by 
the time of operation most patients (65 per cent) had had more than 12 months 
of continuous drug therapy. A significant number (21 per cent) had more 
than 24 months of continuous drug therapy. This increases the likelihood of 
resistant organisms. 

Sensitivity studies performed within 3 months of the operation, either pre- 
operatively or postoperatively, were available on 57 patients. These are sig- 


Fig. 4.—Group III: The initial film reveals the extreme nature of the disease with resolution 
to both apices and residual cavitary disease on the right. 
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nificant in that patients who were started on new drugs in the immediate 
preoperative or postoperative periods were not included. Sensitivity studies 
were carried out for streptomycin, para-aminosalicylic acid, and isoniazid in 
in most cases. Twenty-one of this group (40 per cent) were found to be re- 
sistant to these drugs. Twenty-seven of this group (50 per cent) were 


Fig. 5.—Group IV: Extensive bilateral — initially, resolving to large bilateral apical 
cavitie 


; 
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sensitive to the drugs used and 9 (10 per cent) were classified as partially 
resistant. For practical purposes the group that was partially resistant should 
be added to the group of those who were resistant. 


Pulmonary Function.—(Tables II and III). The x-ray findings in con- 
junction with ventilatory function studies give the most precise picture of the 
extent of disease and functional disability. Ventilatory studies performed on 
86 of the 90 patients in this group revealed that this group was not as severely 
affected functionally as the x-ray classification indicated. The vital capacity 
was reduced below 2,000 ¢.c. in only 21 per cent of the group. The maximum 
breathing capacity was reduced below 75 L./min. in 33 per cent of the group. 
Only 5 per cent of the group were below 50 L./min. If the per cent of the 
predicted normal is used for evaluation, maximum breathing capacity was 
found below 75 per cent of the predicted in only 47 per cent while the vital 
capacity was below this level in 45 per cent. 


TABLE II. PREOPERATIVE PULMONARY FUNCTION 


Maximum Breathing Capacity 


Liters per minute 100 + 100 to 75 75 to 50 50 to 25 
Number of patients 

(total, 89) 29 30 25 5 
Per cent 33 34 28 5 


Vital Capacity 


4,000 3,500 3,000 2,500 
Cubic centimeters > 4,000 to 3,500 to 3,000 to 2,500 to 2,000 < 2,000 
Number of patients 
(total, 89) 8 18 22 22 14 5 
Per cent 9 20 25 25 16 5 


TABLE III. Per CENT OF PREDICTED VALUES 


MAXIMUM BREATHING CAPACITY 
100-75% | 75-50 % BELOW 50% 
Number of patients 
(total, 89) 47 29 13 
Per cent 53 32 15 
VITAL CAPACITY 
100-75% | 75-50% | BELOW 50% 
Number of patients 
(total, 89) 49 34 6 
Per cent 55 38 (i 


Previous Surgery.—Three patients had had standard thoracoplasties. Five 
patients were resection failures. Of these: 2 had lobectomies; 2, lobectomies 
plus segmental resections; and 1, segmental resection. One patient had had 
bilateral hydropneumothorax and right empyema. 


TECHNIQUE 


The technique used in this group was uniform. The extent of compression 
is determined just as one would for a standard thoracoplasty. Our rule of 
thumb is to go at least one rib or interspace, but preferably two, below the 
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level of disease we wish to compress. The tailored extraperiosteal dissection 
is usually from rib two through rib six or seven. The apex is freed from 
the inferior margin of rib one but a complete apicolysis is not performed. 
Cleland polyethylene spheres are inserted into the subcostal space to provide 
firm compression of the parenchyma. Excessive pressure on the lung is 
avoided lest erosion into a cavity causes a bronchial fistula and sepsis in the 
plombage space. The spheres are strung on No. 5 silk and tied together in 
groups of ten to prevent migration: The number of spheres varies with the 
size of the space and the compressibility of the tissue. 


RESULTS 


The results in this group of patients are considered in two ways: (1) how 
effective was plombage per se in effecting sputum conversion, and (2) what was 
the over-all course of these patients with a long-term follow-up of 1 to 5 years 
after plombage. 

The sputum status 8 months after the plombage is considered to be adequate 
to judge its effectiveness in sputum conversion with or without chemotherapy. 
Beyond this point, rest, change in chemotherapy, and resections in the failures 
enter as factors that make it impossible to evaluate the role of plombage. 

Sixteen of the group of 90 had negative sputa preoperatively and so 
cannot be used in evaluating its effectiveness. It should be mentioned that 
2 of those with negative sputa preoperatively became positive in the immediate 
postoperative period. Both converted 9 months following the plombage. 
One subsequently underwent a right upper lobe lobectomy. 


TABLE IV. RESULTS—SpuTUM STATUS 


PREOP. 
POSITIVE | CONVERSION | NEGATIVE | RESECTION DEAD 
Preoperative 74 16* 
Postoperative 
4 months 51 23 14 0 2 
(32%) t 
8 months 36 30 14 6 + 
(42%) 
1-5 years 16 56 14 23 + 
2 (78%) 


*Two of this group became positive in the immediate postoperative period. 
+Percentage refers only to the 74 patients with positive sputa preoperatively. 


Sputum conversion in the remaining 72 patients is shown in Table IV. 
Four months after surgery, 23 or 32 per cent of those with positive sputa had 
been converted. By 8 months, 30 or 42 per cent had been converted. Six of 
the failures had been subjected to pulmonary resection by this time. The data 
at the 12-month level are incomplete because of two deaths, additional pulmo- 
nary resections, and absence of patients from the hospital. 


Complications and Mortality——Nine procedures were complicated by sepsis 
that necessitated removal of spheres and conversion to standard thoracoplasty 
or myoplasty. Two of these infections were due to bronchopleural fistulas, 
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one of which responded to myoplasty, the other caused a chronic progressive 
debilitating disease and death. The remaining 7 patients had bacterial sepsis 
most commonly due to Staphylococcus aureus that responded to removal of 
spheres, conversion to standard thoracoplasty, drainage, and antibiotics. One 
patient died following the second stage thoracoplasty because of respiratory 
insufficiency. Infection manifested itself 4 months to 3 years after the plombage 
and occurred in 9 per cent of the entire group. 


Fig. 6.—Bronchial fistula to subcostal space which developed 4 years after plombage. 
The patient responded to thoracoplasty, myoplasty, and partial scapulectomy. Sputum re- 
mained negative. 


Fig. 7.—Failure was due to depression of cavities on the left. 


2 
, 
P 


5 SUBCOSTAL PLOMBAGE 569 

There were two immediate postoperative deaths. One was due to respira- 
tory insufficiency because of secretions, hemothorax, and atelectasis in a patient 
with limited respiratory function. The second was due to hepatitis 6 weeks 
after operation. There were four late deaths. One patient died of a bleeding 
ulcer at 6 months, 1 of respiratory insufficiency after a second stage thoraco- 
plasty for sepsis at 7 months, 1 of cor pulmonale at 10 months, and 1 after 
pulmonary resection at 15 months. 

Pulmonary function studies after plombage revealed an average loss 
in maximum breathing capacity of 9 per cent (using predicted values), or 
94 L./min. The range of change in maximum breathing capacity varied 
widely from +26 to —24 per cent. The average loss of vital capacity was 
434 ¢.c., or 13 per cent of predicted values. 

The status of this group of 86 survivors, 1 to 5 years after the plombage, 
stands in sharp contrast to their state 8 months after plombage. Follow-up 
studies reveal that 78 per cent have negative sputa by culture (the remainder 
show active disease). Continued medical therapy, with the addition of new 
chemotherapeutic agents, undoubtedly helped. A significant factor in these 
late conversions was the addition of resection in 22 patients in whom plombage 
procedures were a failure. These were accomplished with one failure, two 
bronchopleural fistulas, and one death. The two fistulas were closed by myo- 
plasties (Table V). 


TABLE V 
Resections After Plombage 
Number of resections 23* 
Immediate conversions 14 


Late conversions (7-18 mo.) 
(2 with bronchopleural fistula converted after myoplasty) 

Negative before resection 
Failure 
Death due to resection 

Types of Resection, 5-36 Mo. Postop. 
Left upper lobe 
Left upper lobe and superior segment 
Superior segment of left lower lobe 
Right upper lobe 
Superior segment of right lower lobe 
Pneumonectomy 


*One patient had negative sputum by culture. The remainder were positive. 


DISCUSSION 


The increasing use of resectional surgery in the treatment of localized 
pulmonary tuberculosis has restricted our use of extraperiosteal subcostal ball 
plombage to patients with active disease, drug resistance, impaired pulmonary 
function, extensive bilateral involvement, and complicating medical conditions. 

One would expect the results of any surgical treatment to be disappoint- 
ing in such a selected group. Indeed, only 42 per cent of the initial group 
with positive sputa had sputum conversion by the eighth month postoperatively. 
This is significant salvage in a group with such advanced disease. This pro- 
cedure has the advantage of low immediate mortality* and morbidity, maximum 


*One patient died as a result of the surgical procedure and this was due to pulmonary 
complications and respiratory insufficiency. 
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conservation of pulmonary function, and it is a one stage procedure that does 
not require drug coverage. These factors render subcostal plombage ex- 
tremely useful in managing the difficult cases in which there are open active 
lesions that would be unsuitable for resection at that time. 

In the postoperative period we did not hesitate to continue drugs but as 
a policy they were not changed nor were new drugs added. Effective drugs 
would thus be available if resection were necessary at a later date. 

It was practically impossible to assess the effectiveness of collapse radio- 
logically. The opacification caused by the prostheses obliterated all details 
in the area of collapse. We have attempted to evaluate the collapsed lung with 
both the anteroposterior and lateral laminograms. There was only occasional 
suecess in the conversion failures. Barring the discovery of new foci of 
activity, sputum examination remained as the only criterion of success. 

It is difficult to delineate the reasons for failure of the plombage. Thick- 
walled cavities or multiple cavities encased in heavily fibrotic or calcified tissue 
do not collapse or collapse incompletely. Thin-walled peripheral cavities present 
the danger of erosion and bronchopleural-extraperiosteal fistulas and their 
sequelae. Occasionally, low lying cavities in the upper lobe or superior seg- 
ment of the lower lobe are displaced down and forward without collapse. 
Collapsed tissue serves as a dangerous nidus of reinfection even in those who 
eventually respond successfully. 

Extraperiosteal plombage has not proved to be a panacea despite all its 
numerous advantages. Failures and late complications have made a second 
and even a third surgical procedure necessary. Nine per cent of these patients 
had late infections of the plombage space that required evacuation and a 
second stage standard thoracoplasty, saving the first rib. The sepsis per se 
did not seem to affect the results since the sputum conversions were in about 
the same ratio as in the whole group. One patient died as a result of the 
second stage procedure. The risk of this additional surgery, combined with 
the original, makes plombage less attractive but it remains useful. 

The fact that some patients required resection after plombage might lead 
one to question the advisability of plombage as the initial procedure. Taylor 
and associates,‘ showed that resection is somewhat more destructive of pulmo- 
nary function than plombage in their series. They found that resection of 
one to two bronchopulmonary segments did not alter maximum breathing 
capacity. Resection of three to seven bronchopulmonary segments reduced 
maximum breathing capacity approximately 15 per cent. This compares 
favorably with the over-all 9 per cent calculated for this plombage group. 
Average loss of vital capacity was 20 per cent in the resection group com- 
pared to an average loss of 13 per cent for the plombage group. Certainly 
resection is much more technically difficult after a plombage. It is difficult 
to compare the risk of resection to the risk of plombage in this group since 
the resections were done after the plombage. If one adds the relative in- 
effectiveness of plombage to the need for additional major surgery, either for 
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complications or failure, it is unlikely that plombage had any advantage over 
resection as an initial procedure in most of these except that it was technically 
easier. 

Resection cannot be performed in every case. Drug coverage and pulmo- 
nary function most often are the limiting factors. Many of those who sub- 
sequently underwent resection became candidates by virtue of new drugs 
or the more extensive use of minor drugs such as viomycin, pyrazinamide, and 
eycloserine. With such varied drug coverage and the earlier use of surgery, 
resection appears to be the most reasonable and effective approach in even 
the more severely afflicted. There is little doubt that there will always remain 
a small group of patients who, by virtue of extensive disease, limitation of func- 
tion, resistance and general debility, will be candidates for a collapse procedure. 


SUMMARY 


1. Plombage thoracoplasty using Cleland spheres was performed in 90 
patients from January, 1952, to January, 1957. Eight of these patients had 
bilateral plombage procedures. 

2. This group included principally those with far-advaneed disease, re- 
sistant organisms, limited respiratory function, multiple cavities, as well as 
those in whom resection and standard thoracoplasty failed. 

3. The eighth month follow-up study revealed that only 42 per cent of 
those with positive sputa had been converted by the plombage procedure. 

4. Twenty-three patients, or 26 per cent, of the series were subjected to 
resections for plombage failure. Fifteen of these were within the first post- 
operative year. 

5. Resection after plombage was effective in 92 per cent. 

6. Follow-up study of 1 to 5 years revealed 78 per cent conversions and 
20 per cent failures using plombage followed by resection for conversion 
failures. 

7. Resection remains the most effective means of treating open positive 
cavitary disease, even in the group with advanced disease. 
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POSITIVE SUPPORT OF THORACOPLASTY BY THE 
INTRODUCTION OF A LIQUID IN THE 
COSTECTOMY AREA 


James Bernard Seaman, M.D.,* Tyler, Texas 


‘‘SHEET ANCHOR’’ in thoracic surgery is still thoracoplasty. Thoraco- 
plasty and pulmonary resection complement each other. When one fails 
the other is available and sometimes necessary. The contemporary, sometimes 
controversial, but well-deserved popularity of resectional surgery has helped 
us to understand better the indications for and limitations of collapse therapy. 

Thoracoplasty without proper and adequate support of the ‘‘soft’’ chest 
wall may have many complications. To control or to stiffen such an area 
we have developed a method of extracting air from the subscapular or ‘‘ante- 
seapular’’ space and replacing it with a liquid, namely, physiologic saline 
solution, to afford a sort of hydrostatic ‘‘snubber.’’ Liquids, generally speaking, 
are not as compressible as gasses and do form better shock absorbers. This 
technique has developed from an observation that patients who sustained a 
clinically obvious collection of blood in this space otherwise enjoyed a benign 
course after thoracoplasty. 

Many of the complications following thoracoplasty may be blamed upon 
the presence of an unsupported ‘‘flail’’ chest wall and the sometimes violent 
or extreme degree of commotion present with normal respiration and with 
coughing. These may be said to include hemorrhage (hemoptysis or wound), 
respiratory insufficiency, pain, atelectasis, mediastinal flutter, shock, spread of 
disease, reactivation of disease, and tendency toward loss of collapse. 

Thoracoplasty for a given individual may be done in possibly one stage 
when otherwise it might be necessary to perform two or more stages. We have 
performed thoracoplasties of the extent of seven (7) ribs safely in one stage 
with this aid. Of course, the extent of the procedure must be suited to the 
patient under consideration. 

If fewer stages are required, then removal of regenerated ribs, or revision 
thoracoplasty, becomes less of a problem. The problem of inability of periosteum 
to re-form bone is less apt to arise. There is also less liable to be attenuation 
of the muscles involved, such as the pectorals, trapezius, latissimus, serratus, 
and rhomboids. 

Support of the decostalized area affords a greater feeling of security to 
the patient in moving about in bed, standing, walking, and in normal breathing, 
as well as in coughing. 


From the Department of Surgery, East Texas Tuberculosis Hospital, Tyler, Texas. 
Received for publication May 27, 1960. 
*Address: 1700 Sampson Dr., Tyler, Texas. 
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This method of support in thoracoplasty is equally helpful in definitive, 
pre-resection and post-resection thoracoplasty or when the procedure is used 
concomitantly with pulmonary resection. 


TECHNIQUE 


After the operative site is inspected for bleeding points, pleural holes, and 
surgical sponges, the scapula is lowered to the chest wall. A rather rigid 
catheter, usually 20 Fr., is prepared by adding holes in all quadrants of its 
circumference, and the modified tip is placed through the wound anteriorly 
to reach the area of rib resection. The wound is closed in layers. The head 
of the table (with the patient still in the lateral decubitus position) is depressed. 


Fig. 1.—Before treatment. Fig. 2.—Before thoracoplasty. 


A bulb type syringe is then used to displace air from the anteseapular space 
by substitution of saline solution. The glass part of the syringe may be used 
as a funnel. The rubber bulb may also be used to withdraw air by suction. 
Inerements of saline should be used to the point where there is no further 
return of air, and the wound begins to bulge posteriorly and in the axilla. 
The catheter is then gradually withdrawn and the procedure repeated. No 
great force should be used in introducing the liquid. The volume of saline 
solution will be found to vary with many factors, including the size of the 
patient, the extent of rib resection, and the condition of the underlying lung, 
from 120 ¢.c. to as much as 480 e.c. 

The usual wound dressing is applied commonly with an abdominal pad 
in the axilla and tape over the shoulder as well as around the hemithorax. 
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Figs. 1 to 4, inclusive, illustrate the roentgenograms of the chest on ad- 
mission preoperatively, postoperatively, and on discharge, associated with a 
one-stage, six-rib thoracoplasty. Similar procedures have been done for pa- 
tients in their late 70’s with no postoperative difficulty whatsoever. 

Our physician and nursing staff have volunteered the information that 
recovery room nursing of patients who have undergone thoracoplasty is no 
chore at all compared with that of earlier days. There is less need for worry, 
attention, blood, oxygen, drugs, tracheal suction, bronchoscopy, expectorants, ete. 


Fig. 4. 


Fig. 3. 


Fig. 3.—Immediately after thoracoplasty. 
Fig. 4.—Fifteen months after thoracoplasty. 


There have been no complications from this simple procedure. It has 
been in use here and elsewhere for several years. One contraindication to 
its employment would be the presence of an unsealed hole in the parietal 
pleura—in such an event the liquid would, of course, enter the pleural space 
in the absence of pleural symphysis. 


SUMMARY 


We have presented a method of technical support in thoracoplasty with 
some negation of the adversities of flail chest. This simple device has led 
to the development of extraperiosteal saline plombage in the support of re- 
section, and also to the similar use of Ivalon. Our innovation is to develop 
a plombage space after the chest is closed at the rib level, rather than dissect 
the parietal pleura free with the chest open. 
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CONGENITAL LOCALIZED EMPHYSEMA 


Donald Campbell, Colonel, MC, USA, Albert ]. Bauer,* Colonel, MC, USA, 
and Thomas H. Hewlett, Lieutenant Colonel, MC, USA, 
Fort Sam Houston, Texas 


MSs EMPHYSEMA, localized to a lobe or segment of the lung, is an unusual 
entity capable of causing severe respiratory distress in the newborn infant 
or, less commonly, a chronie disability of childhood and young adulthood. 
Synonyms for this condition include congenital or fetal lobar emphysema, 
localized or congenital hypertrophic emphysema, and giant lobar emphysema. 
A congenital weakness of the bronchial wall which permits it to collapse on 
expiration is considered to be the cause in a high percentage of cases; abnormali- 
ties of the bronchial cartilages have often been demonstrated to support this 
view. This entity is not to be confused with the more common eauses of child- 
hood emphysema—foreign body aspiration, mucous plug, or inflammation—and 
none of these causes has been demonstrated in the reported eases. 
Characteristically, the involved portion of lung, usually a single lobe, be- 
comes a huge emphysematous mass which compresses normal adjacent lung, dis- 
places the mediastinum, and may cause such severe respiratory insufficiency in 
the newborn infant that life is not possible. Once the condition is suspected, 
operation offers the only possible treatment, and removal of the abnormal lobe 
is often lifesaving. Although this subject was first deseribed by Royes™ in 
1938, it has only recently been accepted as a distinct clinical and pathologie 
entity. In a recent survey of the English literature, Fischer and his associates* 
found reports of only 39 patients who had been operated upon for this condition. 
The rarity and importance of this new entity stimulated the following review 
ofits salient features and the presentation of 3 additional cases in which the 
treatment was resection. 


CASE REPORTS 


Case 1.—A 6-week-old white male infant was admitted to Fitzsimons General Hospital 
with a referral diagnosis of . possible right-sided tension pneumothorax. Pregnancy and 
delivery had been uncomplicated, but soon after birth the infant exhibited periods of 
tachypnea associated with marked sternocostal retraction. As these episodes increased in 
frequency and duration, cyanosis developed and it was necessary to place the infant in an 
oxygen tent. 


From The Brooke General Hospital, Brooke Army Medical Center, Fort Sam Houston, 
Texas. 


Received for publication April 22, 1960. 
*Formerly of Fitzsimons Army Hospital, Denver, Colo. 
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Positive physical findings on admission were limited to the chest. The respiratory 
rate was 40, breath sounds on the right were diminished, the right chest was hyperresonant 
to percussion, and the trachea was shifted to the left. X-ray studies of the chest (Fig. 1) 
showed marked radiolucency of the entire right hemithorax, a considerable shift of the heart 
and mediastinum to the left, and depression of the right hemidiaphragm. Careful study of 
the film revealed widely separated lung markings within the emphysematous area; two small 
densities noted in the right base were interpreted as representing the collapsed middle and 
right lower lobes. A diagnosis of congenital lobar emphysema of the right upper lobe was 
made and operation was advised because of progressive deterioration of the infant’s condition. 


Fig. 1—Chest roentgenogram in Case 1. There is marked emphysema of the right upper 
lobe herniating into the left chest, displacing the heart, mediastinum, and diaphragm. The 
compressed middle and lower lobes are seen adjacent to the cardiac shadow. 


Some difficulty with induction of anesthesia was experienced, but the condition of the 
baby markedly improved once the chest was opened and the hugely dilated upper lobe 
allowed to herniate through the incision. Right upper lobectomy was performed without 
difficulty. The middle and right lower lobes, although totally atelectatic initially, rapidly 
responded to gentle massage and mild positive endotracheal pressure so that they completely 
filled the hemithorax as the chest wound was closed. 

The resected specimen did not deflate readily, although no bronchial obstruction was 
apparent. The lung surface was pink in color and ‘‘pillowy’’ to the touch. Opening of the 
bronchial tree revealed generalized diminution in caliber of the lumen. Microscopic examina- 
tion showed marked distention and clubbing of the alveolar spaces with areas of operatively 
induced hemorrhage; the bronchi, bronchioles, and alveoli were otherwise empty. Narrowing 
of the lumen of the smaller bronchi was noted, and, in some areas, elements of the cartilag- 
inous ring appeared abnormally positioned. The muscular support in some areas examined 
also appeared to be deficient (Fig. 2). 

A tracheostomy was performed postoperatively because of difficulty with secretions and 
atelectasis on the right side. This permitted adequate tracheal toilet and maintenance of 
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expansion of the middle and right lower lobes. The baby did well until the seventh post- 
operative day when the tracheostomy tube was removed. Sudden, severe stridor appeared 
with dyspnea and cyanosis. The tracheostomy tube was immediately replaced with return of 
relatively normal respirations. Repeated attempts at extubation were similarly unsuccessful 
and, on the fifteenth postoperative day, bronchoscopy was performed. The anterior tracheal 
wall was seen to be markedly collapsed, considerably compromising the lumen. It was 
postulated that a weakness of the tracheal cartilages, similar to that found in the bronchial 
cartilages of the resected upper lobe, was responsible for this serious development. The 
tracheostomy tube was replaced and the infant did quite well again. Suddenly, on the thirty- 
fifth postoperative day, cyanosis and dyspnea occurred which did not respond to tracheo- 
bronchial aspiration. It was thought that perhaps the tracheal wall below the level of the 
tracheostomy tube had collapsed, but the infant died before an endotracheal tube of greater 
length could be inserted. Restrictions on the autopsy did not permit a complete examination, 
although it was possible to rule out gross obstruction of the trachea. Unfortunately the lack 
of rigidity of the tracheal wall could not be thoroughly studied. 


Fig. 2.—Photomicrograph of specimen in Case 1. Note the small but empty eae lumen 
and the abnormal position of the cartilage segments in the bronchial wall 


CasE 2.—The patient was a 414-year-old white child, the product of a normal full-term 
delivery, who exhibited such severe respiratory distress at birth that it was necessary to keep 
him continuously in a high oxygen concentration chamber. As long as this environment was 
maintained he appeared to do well, but respiratory difficulty recurred on exposure to room air. 
Finally, after 3 months, he was gradually ‘‘weaned’’ from the oxygen chamber and sent home. 
Studies performed during this admission were variously interpreted as indicating pulmonary 
agenesis with congenital heart disease, hypoplasia of the left lung with mucoviscoidosis on 
the right, and, at the time of discharge, bilateral congenital cystic disease. During his early 
difficulty and to a lesser degree at the time he was taken to his home, the patient demon- 
strated deep sternocostal retractions, particularly noticeable in the lower sternal segment; 
pectus excavatum was not present, however, at this time. 

According to his mother, the boy remained in fairly good health at home except for 
some dyspnea on exertion, an occasional, but severe, respiratory infection, and the gradual 
development of a frank pectus excavatum. At 4 years of age, a severe bronchopneumonia 
developed and after recovery from this he was referred to Brooke General Hospital for 
further evaluation and treatment. 
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Examination upon admission revealed a small, quite asthenic, white boy in no acute 
distress, but who did exhibit obvious dyspnea and wheezing on walking up one flight of stairs. 
There was a marked pectus excavatum. Hyperresonance to percussion was found in the 
posterior right upper chest where breath sounds were considerably diminished. Chest roent- 
genograms (Figs. 3 and 4) revealed, in addition to the pectus excavatum, a massive emphysema 
of the right upper lobe which seemed to fill the entire hemithorax. The lung herniated 
across the midline, displaced the mediastinum and heart into the left chest, and depressed the 
diaphragm downward. Fluoroscopy revealed limited excursions of the right hemithorax and 
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Fig. 3.—Case 2. X-ray appearance of the chest is similar to that Case 1. Note atten- 
uated markings in the emphysematous area which differentiate this condition from pneumo- 
thorax, pneumatoceile, or lung cyst. 

Fig. 4.—Lateral roentgenogram of the chest in Case 2. Herniation of the emphysematous 
lobe through the superior mediastinum and the marked pectus excavation are readily apparent. 
The association of lobar emphysema and the sternal deformity is more than coincidental. 


diaphragm. Bronchoscopy and a bronchogram ruled out bronchial obstruction. The broncho- 
gram (Fig. 5) showed wide separation of the upper lobe bronchial tree, this lobe occupying 
about three fourths of the hemithorax. The middle and right lower bronchi were markedly 
compressed and appeared infantile in comparison to the giant upper lobe. Electrocardiography 
suggested right ventricular hypertrophy. Skin tests for fungi and acid-fast bacilli were 
negative, as was the sweat test for mucoviscoidosis. 

It was believed that the patient had a congenital emphysema of the right upper lobe 
and resective surgery was decided upon to improve the respiratory status. Repair of the 
pectus excavatum was to be considered at a later date. In the operating room, considerable 
difficulty was encountered in the administration of anesthesia and, after intubation, increas- 
ing amounts of positive pressure were required to maintain adequate respiratory exchange. 
Not until the chest was opened and the balloon-like right upper lobe, which filled the chest 
cavity, forcefully herniated from the wound, did the anesthesiologist report the return of 
satisfactory ventilatory conditions. Right upper lobectomy was performed without incident 
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ig. 5—Bronchogram in Case 2. There is marked spreading of the right upper lobe bronchi, 
while those of the middle and lower lobes are compressed and appear underdeveloped. 


Fig. 6.—Postoperative chest roentgenogram in Case 2. The middle and right lower lobes 
have expanded to fill the chest. The moderate residual mediastinal shift is due to the pectus 
excavatum which was deliberately not corrected at the time of lobectomy. 
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and the middle and right lower lobes seemed to expand satisfactorily. Although there was 
no mediastinal defect, the redundant pleura in the region of the hernia permitted a mediastinal 
flutter which persisted until the chest wall was closed. 

Postoperatively, slow expansion of the pulmonary remnant on the right lung posed a 
large space problem which responded satisfactorily after pneumoperitoneum, phrenic nerve 
crush, and tracheostomy were performed. Upon discharge to his home 4 weeks postopera- 
tively, a small apical pleural space still remained but at the time of his 6 months’ evaluation 
(Fig. 6) this had almost completely resorbed. He has had no further pulmonary infection, 
and his mother reports considerable improvement in his exercise tolerance. He is scheduled 
for correction of the pectus excavatum in the near future. 


Fig. 7. Fig. 8. 


Fig. 7.—Photomicrograph of right upper lobe from Case 2 which shows characteristic 
widely dilated thin-walled alveolar spaces. Breakdown and coaiescence has occurred in a 
few areas. Normally empty, blood has inadvertently been introduced into some of the alveoli 
during the operative procedure. 

Fig. 8.—Photomicrograph of bronchial wall in Case 2. The segments forming the carti- 
laginous ring appear to be irregular in number, position, and in their thickness. 


The resected tissue in the fresh condition was of a pale pink color and had the con- 
sistency of a tightly packed feather pillow. Even with the bronchus open, although no 
evidence of a bronchial obstruction could be found, the lobe did not collapse. The lobar 
bronchus felt unusually soft and compressible. Microscopic examination revealed generalized 
distention of the usually empty alveolar spaces, although operatively induced hemorrhage 
was present in some areas (Fig. 7). Study of the bronchial wall showed abnormalities in 
the completeness of the cartilaginous rings and in the thickness and arrangement of the 
component segments (Fig. 8). No inflammatory reaction was found and the bronchi and the 
bronchioles were patent throughout. 


Case 3.—A 26-year-old white male soldier was admitted to Brooke General Hospital for 
evaluation because of repeated respiratory infections. He recalled being told that as an 
infant he had had a serious respiratory infection but had had no further difficulty until the 
age of 16. Hospitalization for 30 days was necessary at that time for a pneumonia and 
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upon recovery he was informed that he had some type of pulmonary cystic disease. Moderately 
severe respiratory infections, manifested by cough, wheeze, and sputum production recurred 
once every year or two and some shortness of breath on climbing stairs or similar exertion 
was noted. At the age of 20, during one of his attacks, bronchoscopy was performed and 
reported to be negative. Because of the roentgenological appearance of a radiolucent area 
in the right lower lung field and the patient’s recurrent symptoms he was admitted to this 
hospital for consideration of definitive treatment. 

On physical examination, the patient was a thin young adult who was normally de- 
veloped. The chest was symmetrical. The lungs were clear to percussion except for mild 
hyperresonance in the right lower lung field. On auseultation, breath sounds were noted to 
be decreased in the base of the right lung. X-ray studies of the chest (Fig. 9, A and B, 
revealed an area of increased radiolucency in the right lower lobe with a slight herniation 


A. B. 


Fig. 9.—A and B, Case 3. Chest roentgenograms reveal a large area of decreased density in 
the right lower lung field. 


acress the midline. The diaphragm was slightly flattened. Bronchoscopy revealed patency 
of all orifices with some pallor of the mucosa of the basilar bronchi on the right. Broncho- 
grams showed a patent tracheobronchial tree with mild spreading of the lower lobe bronchi 
and some crowding of the middle lobe; there was no evidence of bronchiectasis. An angio- 
cardiogram (Fig. 10) was obtained because of the possibility of a developmental vascular 
abnormality; this study revealed normally distributed, but definitely small, pulmonary artery 
branches to the right lower lobe. 

Surgical removal of the abnormal pulmonary tissue was decided upon in view of the 
long history of repeated respiratory infections and the increasing dyspnea on sustained 
exertion. At operation, extensive emphysema, localized to the right lower lobe was found. 
During the performance of right lower lobectomy, it was noted that the pulmonary artery 
supplying the involved tissue was small, estimated at one third of its expected size. Examina- 
tion of the lobe immediately after removal revealed the bronchi to be abnormally soft, 
although they were patent throughout. The pulmonary tissue, except for its pink color, 
resembled the appearance of Gelfoam. 
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Postoperatively, except for a transient space problem, the patient did well. Re-evalua- 
- tion 2 months after operation revealed a fully expanded pulmonary remnant; the patient had 
i no complaints. Microscopic examination of the specimen (Fig. 11) showed wide dilatation 
of the alveoli, thinness of their walls and some confluence. There was scattered superficial 
bronchitis in the peripheral bronchi, but the bronchial tree was patent throughout. There was 
no significant atelectasis or infection. Examination of the bronchial walls revealed deficiencies 
in the cartilaginous segments, some of which appeared to be abnormal in relation to the mus- 
cular layer. 
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Fig. 10.—Cardioangiogram in Case 3 which shows diminished vascularity of emphysem- 
atous right lower lobe. Densities noted in the right base over the diaphragm represent opaque 
media retained in the alveoli from a previous bronchogram. 


Fig. 11.—Photomicrograph of lung in Case 3 which shows dilated alveolar spaces. The 
— support of the bronchial wall is incomplete and the segments are abnormally 
placed. 
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Etiology.—In a significant number of cases of operation, an abnormality of 
the cartilage supporting the wall of the bronchus has been reported. This has 
been variously described as an unusual flaccidity, chondromalacia, or an actual 
defect in the cartilaginous ring with some or all of the component segments 
being absent, diminutive, malformed, or malpositioned. Incomplete growth of 
the cartilages has been advanced to explain those cases of congenital emphysema 
in which diffuse narrowing of an otherwise normal bronchial wall has been seen. 
These anatomic abnormalities cause a softness of the bronchus so that function- 
ally air enters freely during inspiration, but during expiration collapse of the 
non-rigid wall blocks its ready egress, which in a short period of time leads to 
massive emphysema in the mobile and distensible tissues of the newborn infant. 
At bronchoscopy this phenomenon can occasionally be visualized—the bronchus 
to the involved segment may be seen to open with inspiration and close almost 
completely with expiration. 

A variety of other explanations have been advanced to account for the 
localization of the emphysema in those cases where no obvious defect has been 
found in the bronchial wall. Hypoplasia or other abnormality of the terminal 
bronchioles causing air trapping in a manner similar to that just described have 
been considered as etiological factors.%° Abnormal folds of bronchial mucosa 
acting as one-way valves have also been described.? Overdistention of the lung 
by vigorous resuscitation of the newborn with positive pressure has been sug- 
gested as a cause but, in order to account for localization, this explanation would 
have to assume a pre-existing weakness in the involved area. Consideration has 
been given to the temporary obstructive effects of foreign bodies or mucous plugs 
which, having remained for sufficient time to cause the emphysema, are coughed 
up or otherwise disappear without detection. Loss of elasticity of the lung 
parenchyma or other weakness of the alveolar wall permitting its dilatation or 
a primary congenital alveolar hyperplasia have been offered as possible causes 
for the origin of this disease. In spite of the attractiveness of many of these 
theories, most of the evidence points to a congenital deficiency of the bronchial 
cartilages as a cause of this unusual condition and the 3 cases reported herein 
add support to this concept. 

Pathology.—Characteristically, upon opening the chest in the operating 
room, the involved lung tissue herniates through the incision and after removal, 
even with the bronchus open, the specimen remains inflated like a balloon. 
Palpation of the bronchial wall frequently reveals abnormal softness and col- 
lapsibility. In appearance, as pointed out by Shaw," except for its homogenous 
pink color the pulmonary tissue resembles Gelfoam. No bronchial obstruction 
is found and there is no evidence of inflammation. The alveoli are markedly 
distended and empty, the intervening septa being quite thin with an occasional 
area of breakdown and coalescence into larger sacs. The blood vessels are small 
but normal in number and distribution; no evidence of arterial degeneration is 
found. Careful examination of the bronchial wall will often show abnormalities 
as just discussed. 
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Although congenital emphysema may localize in any portion of the lung, it 
is most commonly lobar in distribution. The middle lobe appears to be involved 
in about one third of the cases and next in order of frequency of occurrence are 
the left upper, right upper, and right lower lobes. A few cases of congenital 
segmental emphysema” ?° have been reported, but only once has involvement of 
an entire lung with emphysema due to bronchial wall weakness been described.** 
The infrequency of involvement of the lower lobes is apparently due to the in- 
creased respiratory forces acting in these areas which tend to decrease air 
trapping. 

Other congenital anomalies are not infrequently associated; congenital heart 
disease has been reported in 3 eases, a mediastinal defect in 2, and pectus 
excavatum in 4. The association of congenital emphysema with pectus exca- 
vatum may have a cause and effect relationship as pointed out by Shaw.** The 
marked costosternal retraction manifested by these infants in their efforts to 
overcome the obstruction of the normal air passages caused by compression and 
distortion of their bronchi by the emphysematous segments, over a long period 
of time, may be responsible for the resulting deformity of pectus excavatum. 


Clinical Aspects.—In more than 75 per cent.of the cases the abnormality 
presents as the cause of acute respiratory distress in the newborn. Labored 
respiration, wheeze, cough, and, often, cyanosis occurring in an infant with no 
other obvious explanation should suggest the correct diagnosis. No inflammation 
or signs of foreign body aspiration are noted. Physical examination reveals 
poor breath sounds and hyperresonance over the involved lung and mediastinal 
shift to the unaffected side. In the newborn infant the affected lobe may en- 
large rapidly, truly a ‘‘tension emphysema’’!°—compressing adjacent normal 
lung tissue, displacing the diaphragm and mediastinum until equilibrium with 
the normal intrathoracic forces is reached. If stabilization is not rapidly at- 
tained, or adequate treatment provided, death in this acute expanding form of 
the disease is the rule. Pulmonary resection in this stage may be an emergency 
procedure. 

In other cases the disease does not pursue such a fulminating course. An 
infantile episode of respiratory distress usually has occurred but equilibrium 
was apparently reached more rapidly. The distended lobe stops expanding or 
at least seems to do so more slowly. The patient develops into childhood or adult 
life with only moderate signs of pulmonary insufficiency ; mild growth disturb- 
ance, shortness of breath on exertion, and a tendency to poor tolerance of rela- 
tively minor respiratory infection. In these cases, removal of the offending 
segment, while not urgent as in the infantile stage, is certainly indicated to 
prevent further enlargement, to permit expansion of compressed normal lung 
and to eliminate the poorly drained area as a potential source of infection. 


Diagnosis.—A definite diagnosis will depend upon histopathologic examina- 
tion of the affected segments, but this condition should be strongly suspected in 
any unexplained regional emphysema occurring in infancy or childhood. The 
chest roentgenogram characteristically reveals a large but localized trans- 
parency of the lung with depression of the ipsilateral diaphragm, displacement 
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of the mediastinum, and herniation of the lung into the opposite chest. Com- 
pressed normal lung tissue may be seen adjacent to the distended lobe and lung 
markings in the opposite chest are accentuated. Differentiation from pneumo- 
thorax, pulmonary cyst, and diaphragmatic hernia can be made on visualization 
of faint lung markings within the radiolucent area. These can best be seen on 
expiration films using careful technique. Bronchography and bronchoscopy 
will aid in ruling out obstruction, pulmonary agenesis with compensatory em- 
physema and will define the extent of the process. In some eases the valve-like 
action of the abnormally collapsible bronchus may actually be visualized through 
the bronchoscope. Angiocardiography adds little to the diagnosis unless it is 
desired to rule out pulmonary or other vascular anomalies. 


Treatment.—The only possible cure for this condition is surgical removal 
of the offending segment. The remaining normal lung must be permitted to 
re-expand and the poorly drained, functionless, emphysematous lobe must be 
removed before it eventually becomes chronically infected. Emergeney aspira- 
tion of these lesions, in the mistaken thought that they represent tension cysts, 
is dangerous; a pneumothorax may be precipitated which adds to the patient’s 
already reduced respiratory reserve. Excisional surgery is urgent in the infant 
who demonstrates lobar emphysema and respiratory distress unless immediate 
improvement follows tracheobronchial aspiration and the administration of 
oxygen. 

Once operation has been decided upon, rapid induction of anesthesia and 
opening of the chest are essential. In this critical period, positive pressure 
anesthesia increases the distention of the emphysematous lobe resulting in a 
further compression of normal lung and.consequently a sharp diminution in 
functioning lung volume. Once the chest is opened and the markedly distended 
lobe herniates through the incision, this compression is relieved and the patient’s 
condition improves dramatically. After necessary resectional surgery has been 
completed, there is usually little or no difficulty with expansion of the pulmonary 
remnant, even though it may appear quite underdeveloped. 


Prognosis.—The immediate results of resective surgery, even in the critic- 
ally ill infant in whom operation is often lifesaving, have been good. Only two 
postoperative deaths have been reported in the series of 42 cases with operation 
and both of these were in infants suffering from severe pulmonary insufficiency. 
In 1 ease, an associated pneumonitis was present. The other death is that of 
the infant reported in this series; the problem here may have been that of 
abnormal softness of the entire tracheobronchial tree. Although permanent 
benefit appears to follow removal of the damaged lobe in most cases, in approxi- 
mately 10 per cent pulmonary symptoms have persisted. This might be further 
evidence that in some cases the cartilage defect is not confined to the bronchus 
of the diseased lobe, but rather involves to a greater or lesser extent the entire 
tracheobronchial tree. Nelson and Reye’® reported a ease of left lower lobe 
emphysema appearing in a patient upon whom a left upper lobectomy had been 
performed for this condition. Although the follow-up of the 2 survivors re- 
ported herein is still quite short, neither of these patients has shown indications 
of residual disease. 
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SUMMARY 


Congenital localized emphysema is a rare but distinct clinical and pathologic 
entity which appears to be due to a defect in the development of the bronchial 
wall. <A single lobe, segment, or rarely, an entire lung, may become massively 
distended and produce serious compression of normal lung tissue. Surgical 
removal of the abnormal pulmonary tissue is the recommended treatment. 


The authors wish to express their appreciation to John B. Salyer, M.D., who was the 
responsible surgeon in Case 2. 
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SINGLE DOSE X-RAY RADIATION TO THE LUNG AND 
POSTERIOR MEDIASTINUM THROUGH THE OPEN CHEST 


III. Results in Dogs Receiving Doses of 2,000 r and 3,000 r 


John ]. Fomon, M.D., Frank T. Kurzweg, M.D., Marvin B. Slotkin, M.D., 
and Harold Davis, M.D., Miami, Fla. 


7. RESECTABILITY rate in patients having thoracotomies for malignant neo- 
plasms is low. Cliffton, Henschke, and Selby* have reported attempted 
salvage or palliation of this group with interstitial implantation at the time of 
operation. Harper and his eo-workers® threaded polyethylene tubes through 
tumors and subsequently implanted isotopes. Chesney* attempted palliation by 
single dose x-ray therapy directly to the tumor through the open chest. This 
type of radiation is not new but Chesney was the first to use it in this location. 
In recent years, Watson’® radiated subeutaneous metastases directly, using a 
single dose. If there was no bone or cartilage in the field he believed he could 
administer 50 per cent more radiation than the maximum amount the skin 
would tolerate in a single exposure. This same author’ has treated surgically 
exposed intrinsic carcinoma of the larynx with single dose radiation. With the 
factors he used he found 2,250 r was a safe dose but that 2,500 r resulted in 
complications due to the radiation. 

Laboratory experience® ° demonstrated certain advantages to direct intra- 
thoracic radiation. Radiation sickness was absent and leukopenia did not 
develop even with the high doses used. The dogs remained asymptomatic and 
in good health until shortly before dying of a complication of the radiation 
administered. The type of complication that developed was fairly constant for 
the amount of radiation administered. Additional observations have now been 
made in a continued effort to determine the safe maximum single dose of x-ray 
that can be administered. 

The method of radiation has been previously described.** In this study, 
the quality of radiation remained the same but the time was shortened so that 
one series of dogs received 3,000 r and a second series received 2,000 r. All dogs 
had right thoracotomies. In Group I of both series, a 25.2 sq. em. area of 
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Fig. 1—The number of dogs in each group that received 3,000 r have been plotted 
against the survival times. Each square represents one dog. The dogs that did not die 
were sacrificed and are so indicated. 


3- MEDIAN = 241 
GROUP I 


EDIAN = 118 GROUP IT 
cr. 
475 
GROUP IT 
MEDIAN =/97 
3- 
2- 
+238 3.8 


NUMBER OF DOGS 


Fig. 2.—The number of dogs in the three groups that received 2,000 r have been plotted 
against the survival times. Each square represents one dog. One of the dogs did not die and 
is designated as having been sacrificed. 
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expanded lung in the hilar region was radiated. Necessarily the mediastinum 
was deep to the surface field. A second group had 26.2 em. of posterior medias- 
tinum exposed. This included the tracheal bifurcation and esophagus but an 
attempt was made to protect lung parenchyma. Group III was similar to Group 
I except that the area radiated was 102.1 sq. em. The-shields of Groups I and 
III had circular openings. In Group II the shield had a rectangular window. 


RESULTS 


The survival times and autopsy findings of all animals are tabulated in 
Tables I and II. With the exception of the 3 dogs that were sacrificed, all © 
animals died as a direct result of the radiation. Death was always due to 
necrosis of lung parenchyma or a portion of the tracheobronchial tree. Even 
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RADIATION (r) IN THOUSANDS 


Fig. 3.—The median survival times of the animals have been plotted against the log of 
the radiation dose. Trend lines have been drawn in (not calculated). With exceptions, the 
lower the radiation dose the longer the median survival times. (The figures adjacent to the 
symbols refer to the number of dogs from which the median was derived.) 


se, with rare exceptions, the animals appeared to be in good health until im- 
mediately before death. Whenever there was necrosis of the tracheobronchial 
tree, there was adjacent pneumonitis. The esophagus appeared to be more 
tolerant of the radiation than the trachea and remained remarkably free of gross 
radiation changes, except in one instance of tracheoesophageal fistula. 

In Figs. 1 and 2, the median survival time in all six groups is shown. Ex- 
cept in Group II the subjects receiving the lower radiation dose lived longer. 
The discrepancy in this group is unexplained but may be the result of too few 
dogs. 

The survival times of the three groups of dogs are plotted against the log 
of the radiation dose administered (Fig. 3). In this figure, survival times of 
previously studied dogs that received much higher radiation doses are compared 
to those now reported. With few exceptions, the less radiation administered, 
the longer were the survival times. 
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DISCUSSION 


Although the data presented do not definitely prove that 1,500 r is a safe 
dose for dogs administered by this method, the trend depicted in Fig. 3 suggests 
that it may be. Even assuming that 1,500 r is a safe single dose, other variables 
remain to be considered. 

There is a species difference response to x-ray therapy and, although this 
difference may not be great, when the x-radiation is administered by this method, 


TABLE I. Dogs RECEIVING 3,000 r 


WEIGHT SURVIVAL 
DOG (KG. ) IN DAYS AUTOPSY FINDINGS 
Group I (25.2 sq. em. of expanded lung) 
X86 6.8 215 Necrosis of lung and bronchus 
X87* 9.5 517 Fibrosis of lung 
X88 6.8 182 Fibrosis of lung; ascites; pulmonary edema 
X89 9:0 21 Wound infection 
X90 10.0 454 Died; no autopsy 
X93 14.0 194 Hemoptysis; necrosis of lung 
X94 12.5 192 Necrosis of bronchus and lung 
X97 10.4 215 Hemoptysis and pulmonary edema 


Group II (26.2 sq. em. of posterior mediastinum) 


X92* 14.5 499 No gross findings; pleural adhesions 

X95 10.6 258 Hemoptysis; mediastinal fibrosis; necrosis of 
carina 

X98 10.6 153 Hemoptysis; necrosis of carina 


Group III (102.1 sq. em. of expanded lung) 


X81 12.7 86 Necrosis of carina with perforation 
X82 13.1 142 Necrosis of carina with perforation 
X83 13.6 100 Necrosis of carina with perforation 
X84 11.8 90 Hemoptysis; necrosis of lung parenchyma 


*Dog sacrificed while in good health. 


TABLE II. ReEcEIvine 2,000 r 


WEIGHT SURVIVAL 
DOG (KG. ) IN DAYS AUTOPSY FINDINGS 
Group I (25.2 sq. em. of expanded lung) 
X58 12.7 369 Hemoptysis; necrosis of lung 
X61 11.8 171 Necrosis of carina with perforation 
X63 9.8 308 Necrosis of left stem bronchus with perfora- 
tion 
X64 11.3 258 Necrosis of carina and lung 
X65 12.7 224 Necrosis of carina with perforation 
X66 9.8 126 Necrosis of carina with perforation 
Group II (26.2 sq. em. of posterior mediastinum) 
X74 11.3 118 Necrosis of trachea; inflammation of medi- 
astinum 
X77 9.1 131 Pulmonary edema; tracheoesophageal fistula 
X78 10.4 106 Necrosis of trachea; pleural effusion 
X79 9.5 112 Necrosis of trachea 
X99* 14.0 475 Pleural adhesions only 
Group III (102.1 sq. em. of expanded lung) 
X69 17.2 102 Necrosis of lung; empyema 
X71 11.3 197 Pleural effusion; ascites 
X72 13.1 79 Necrosis of lung; empyema 
X73 372 Sanguineous pleural effusion; pneumonitis 
X75 19.5 236 Tracheoesophageal fistula; necrosis of lung 


*Dog sacrificed while in good health. 
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it is unknown. The time dose relationship is not definitely established. Within 
limits, the longer the period utilized in administering the x-radiation, the greater 
the dose that can be tolerated. Strandqvist** and others have quantitated the 
time dose relationship for basal and squamous cell carcinoma of the skin and 
have found that 2,250 r given as a single dose is equivalent to 6,000 r adminis- 
tered in 30 days or to 4,200 r in 6 days. Allen and Freed' agreed with Strand- 
qvist but found that field size was also important. In a small field, the difference 
between a single dose required to cure a skin cancer and one that damaged 
normal skin was large. As the size of the field increased, the ecancerocidal dose 
more nearly approached the skin tolerance dose and in large fields it exceeded 
the skin tolerance dose. Garcia’ demonstrated a similar relationship in ear- 
cinoma of the cervix. Just as there is a species response to x-ray therapy, so 
there is a difference in tissue response within a given species. What Strand- 
qvist found for the skin and Garcia for the cervix may not be true for intra- 
thoracic structures and neoplasms. 

Following radiation to the lungs, pulmonary function is decreased" and 
this apparently is also true in dogs.‘* Since pulmonary function was not 
studied in these dogs, it is impossible to predict the degree of impairment. 


TABLE ITI. ExpLorED NONRESECTABLE CARCINOMA OF THE LUNG 


MEDIAN SURVIVAL 
TIME, EXPLORATION 


TO DEATH 

AUTHOR NO. OF PATIENTS (DAYS) TREATMENT 
Bishop2 16 < 120 Nitrogen mustard and/or x-ray 
Cliffton et al.4 103 240 Interstitial implantation 
Hughes et al.9 9 .114 None 
Hughes et al.9 43 348 Nitrogen mustard and/or x-ray 
This study 8 (dogs) 204 3,000 r—Group I 
This study 4 (dogs) 95 ° 3,000 r—Group IIT 
This study 6 (dogs) 241 2,000 r—Group I 
This study 5 (dogs) 197 2,000 r—Group III 


The following points seem evident. Patients may tolerate radiation better 
than the dogs that have been observed. A radiation dose of 1,000 r to 1,500 r 
should allow for longer survival times than 2,000 r. The response of a tumor 
radiated in this manner ean only be determined by clinical trial. Survival times 
of patients may not be the best yardstick of palliation but it is one that can be 
measured readily. Even so, a clinical trial might not be justified if, in this 
study, survival times were shorter than those in patients treated by more con- 
ventional methods. Table III shows the median survival times from thoracotomy 
to death in several clinical series of nonresectable carcinomas of the lung. The 
survival times reported in Group I of the 2,000 r series compare favorably with 
the clinical series except in one instance and here the single dose radiation at 
least has the theoretical advantage of being more homogeneous than interstitial 
implantation. When a larger area was radiated (Group III), comparison is 
favorable except in two series. 

In Table IV the mean survival times of nonresected carcinomas of the 
esophagus are tabulated. Location of the lesion in the esophagus is not con- 
sidered and the survival times are calculated from different points. Shedd and 
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co-workers” and Sweet? started after completion of treatment. Mustard and 
Ibberson'® apparently began at the time of diagnosis. The survival times of the 
dogs does not compare favorably but they are not so short that a clinical trial 
with the lower recommended dose cannot be attempted clinically. 


TABLE IV. CARCINOMA OF THE ESOPHAGUS 


MEDIAN SURVIVAL TIME 


AUTHOR (DAYS) TREATMENT 

Mustard and Ibberson10 127.8 No treatment 

127.8 Palliative 

200.8 X-ray therapy 
Shedd et al.12 150 X-ray therapy 
Sweet15 328 X-ray therapy 
Sweet15 273.8 No treatment 
This study 258 3,000 r—Group IIL 
This study 118 2,000 r—Group IT 


Although much information is lacking, it seems reasonable to suggest a 
clinical trial in patients with carcinoma of the lung and esophagus that have 
been explored and found to have nonresectable lesions. The laboratory data 
presented indicate that 1,000 r to 1,500 r ean be safely administered ‘as a single 
dose. There is evidence indicating that radiation sickness will be absent. The 
response.of tumors and intrathoracic structures to the radiation can be evaluated 


only in patients. 


SUMMARY 


1. Thoracotomies were done on two series of dogs. In the first series the 
animals received 3,000 r and in the second 2,000 r as a single dose without inter- 
position of the chest wall. Each series was divided into three groups. GroupsI - 
and III had the inflated lung radiated directly through portals of 25.2 sq. em. 
and 102.1 sq. em., respectively. In Group II the posterior mediastinum was 
directly radiated over a 26.2 sq. em. area. 

2. All animals except 3 died of complications resulting from the radiation. 
The median survival times have been computed and are compared with dogs 
receiving higher doses. 

3. On the basis of these data it may be inferred that a clinical trial using 
1,500 r is indicated. 


The assistance of Miss Iris Kiem is gratefully acknowledged. 
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THE USE OF PATIENT’S OWN AURICULAR CARTILAGE TO 
REPAIR DEFICIENCY OF THE TRACHEAL WALL 


Vito Caputo, M.D., and Vittorio Consiglio, M.D.,* Bari, Italy 


E WISH to present the successful repair of a deficiency of the tracheal wall 

with a free graft of autogenous auricular cartilage. 

On March 12, 1959, the thoracic surgeon carried out a right pneumo- 
nectomy for a destroyed tuberculous lung. The resection of the principal 
right bronchus was made obliquely, in a lateromedial direction, as far as the 
tracheal spur, so as to reach tissue certain to be healthy and free of the wide- 
spread tuberculous infection. The opening was closed with interrupted stitches 
of chromic catgut, but after closure the anesthetist reported that there was 
difficulty in giving the patient air. When traction on the trachea was dimin- 
ished this difficulty disappeared. When, however, the operation was finished 
and the patient awoke, it was observed that his breathing was dyspneic, with- 
out evident signs of congestion. A bronchoscopy revealed a noticeable stenosis 
at the level of the tracheal carina. 

It was therefore decided to operate again in collaboration with the plastic 
surgeon to repair the tracheal defect. <A free graft of auricular cartilage was 
taken (Fig. 1), oval in shape and 3 em. by 1.6 em., slightly larger than the 
tracheal defect. It was adjusted by means of opereula with its external face 
directed toward the lumen of the trachea, and fixed in place with interrupted 
mattress sutures of silk, including the full thickness of the tracheal wall and 
the cartilaginous graft (Fig. 2). Once the mediastinal pleura was sutured, 
the thoracic incision was closed in layers. 

Upon awakening, the patient breathed normally without fatigue. About 
4 hours later a progressive subcutaneous emphysema appeared over the thorax, 
neck, and face, which was treated with an intrathoracic tube on the right 
side with continuous aspiration, and with subcutaneous needles. ‘iis emphy- 
sema disappeared after about 48 hours, never to return. This was followed 
by a normal postoperative course. 

In a subsequent x-ray examination (Fig. 3), it was noted that the trachea, 
as time went by, underwent a progressive displacement toward the right.t 


From the Sanatorium “L. Quaranta” of Bari, Italy. 

Chief: Professor R. De Tullio; Chief Surgical Service: Professor V. Caputo. 
Received for publication April 26, 1960. 

*Chief plastic surgeon; Hospital “L. Bonomo,” Andria, Bari, Italy. 

7This deformity was corrected by a thoracoplasty performed 2 months later. 
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In a tomographical examination 40 days after the operation, a linear 
opacity was observed which could be clearly differentiated from the tracheal 
wall, at the level of the area of the graft and attributable to the cartilaginous 
graft, which was in the correct position, as subsequently confirmed by tracheo- 
bronehography. 


Fig. 2.—The graft is fixed with interrupted stitches to the tracheal wall. 


Bronchoscopie examination 120 days after the operation showed a devia- 
tion to the right of the trachea, and the grafted area to be entirely covered 
with pink mucous membrane and to be rigid during respiratory movements. 
The lumen at this point was found to be regularly circular and 1 em. in 
diameter. One of the silk mattress stitches was found partially attached to 
the wall, hanging in the lumen, and then removed. 

Subsequent tracheobronchial x-ray cinematography showed the excellent 
functioning of the grafted segment of trachea during deep breathing, during 
Miiller and Valsalva tests, and under the effect of coughing. 


> 
: 
Fig. 1.—Free graft is taken from the auricular cartilage. aes 
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COMMENT 


The auricular cartilage, taken from the patient himself, proved to be 
of value for repairing a defect of the tracheal wall by virtue of the fact that 
it is composed of tissue similar to that which had to be repaired. At the same 
time it is endowed with plasticity and solidity and is biologically irreproach- 
able, from the fact that it is autoplastic. : 


Fig. 3.—The trachea is markedly displaced to the right because of preoperative position and 
postoperative aspiration. 

The only disadvantage was the appearance of the emphysema, easily 
overcome within 48 hours, which was certainly due to a slight imperfection 
in the connection of the periphery of the graft with the tracheal wall. 

Experimental research is now in progress in an attempt to solve questions 
concerning the technique of suturing and the extension of the size of defects 
which can be repaired, whether they are tracheal or bronchial. 
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THE EXPIRED CARBON DIOXIDE AS A CONTINUOUS GUIDE 
OF THE PULMONARY AND CIRCULATORY SYSTEMS 
DURING ANESTHESIA AND SURGERY 


M. Dighy Leigh, M.D., John C. Jones, M.D., and 
Hurley L. Motley, M.D., Los Angeles, Calif. 


REVIOUS INVESTIGATIONS have been reported of the value of the expired carbon 

dioxide analysis during anesthesia when used as a physiologic monitor of 
the pulmonary cireulation' and ventilation.27 This report will present graphic 
evidence of the value of the expired carbon dioxide as a continuous monitor of 
changes in the cardiovascular and respiratory systems, whereby adverse re- 
sponses can be detected early and often corrected, with improvement in the pa- 
tient’s condition, 

Consideration of certain physiologic processes is basic in assessing the value 
of expired carbon dioxide determinations. 

The blood normally perfusing the lung capillaries is exposed for one second 
or less to the air in the alveoli. Even with such a short exposure, because of 
the great diffusibility of carbon dioxide in solution, the tension of carbon dioxide 
normally is lowered from 46 to 40 mm. Hg at rest, with a normal cardiac output. 
This rapid lowering of the tension of carbon dioxide is due also to the high 
partial pressure gradient between the carbon dioxide in the blood and in the 
atmosphere which measures less than 1 mm. Hg. Arterial blood has only a 
slightly lowered carbon dioxide tension as compared to mixed venous blood 
entering the pulmonary artery. Reversing the flow of blood through the lung 
capillaries, as in the case of withdrawing blood from a cardiac catheter wedged 
in the pulmonary artery, permits a longer exposure time of the capillary blood 
to air in the alveoli and allows more carbon dioxide to escape. In this situ- 
ation the carbon dioxide content is lowered, the pH increased, and the hemo- 
globin becomes closer to being 100 per cent saturated with oxygen. The data 
from 1 of our eases of catheterization of the right heart illustrate this change 
and emphasize the rapidity with which carbon dioxide escapes into the alveoli. 
A blood sample withdrawn with the catheter tip in the main pulmonary artery 
had a carbon dioxide content of 44.8 vol. %, a pH of 7.40, and a hemoglobin 
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oxygen saturation of 80 per cent. When the catheter was advanced periph- 
erally in the pulmonary artery until wedged, the blood sample withdrawn had 
a carbon dioxide content of 35.7 vol. %, a pH of 7.50, and a hemoglobin oxy- 
gen saturation of 98 per cent. 

The concentration of alveolar or expired carbon dioxide is proportional 
to the rate of its excretion, dependent upon production of carbon dioxide in 
the tissues, rate of pulmonary blood flow, diffusion capacity, and alveolar 


Fig. 1—Rapid infrared carbon dioxide analyzer. a, Detector unit to which the sampling tube is 
attached. b, Amplifier. ec, Recorder. 

ventilation. Since diffusion of carbon dioxide through the alveolar capillary 

membrane is exceedingly rapid in normal circumstances, twenty or more times 

faster than that of oxygen, diffusion capacity is not a significant factor dur- 

ing anesthesia. Consequently, for these studies the interpretations were based 

upon production, pulmonary blood volume flow, and alveolar ventilation. 


ANALYTICAL TECHNIQUE AND EQUIPMENT 


The fractional to-and-fro sampling method of both inspired and expired 
air® ° was used in anesthetized infants and children. A Liston-Becker infra- 
red absorption carbon dioxide analyzer, equipped with a special cell for 
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fractional sampling, was used in these studies (Fig. 1). The rapid response of 
this instrument was an essential element in providing a reliable record of the 
carbon dioxide concentration alterations. 

It is fundamental that the Liston-Becker analyzer be kept in optimal 
operating condition. Care of the detector unit includes cleaning out the cell 
onee a week with a detergent and servicing of the detector unit every third 
month. In addition, the analyzer is left on continuously. By adhering to 
these rules we have had minimal difficulties with maintenance and operation 
of the instrument over a 3-year period. 

A polyethylene sampling catheter, 36 inches long with an inside diameter _ 
of 0.034 inch and an outside diameter of 0.050 inch, was inserted 1 inch into 
the port of the angle piece of the endotracheal tube (Fig. 2), or taped on the 
face under the mask, and the other end of the catheter was connected to the 
detector unit. By means of a suction pump, the sampled gas passing through 
the detector was maintained at a uniform flow rate of 500 ml. per minute. 


Endotracheal Tube 


Sampling tube 


Adhesive tape 
port 


Detector 
unit 


Fig. 2.—A, Sampling tube in port of angle piece of endotracheal tube. B, Port sealed with ad- 
hesive. C, Shows sampling tube going from detector unit to port of endotracheal tube. 


Some of the records were made on an Esterline-Angus milliameter curvi- 
linear recorder, while others were made on a Texas Instruments rectilinear 
recorder. Both systems of recording proved equally satisfactory. 

An explanation of the tracing is as follows: The tracing rises during 
expiration as the number of carbon dioxide molecules obtained in the end 
expiratory tidal volume increases. In young infants, there is practically no 
expiratory pause because of the rapidity of their respiration, but in older 
children there is a definite expiratory pause, causing a plateau at the peak of 
the tracing. On inspiration, the tracing drops rapidly to the base line when 
the number of molecules of carbon dioxide in the inspired air becomes un- 
measurable. 

For clinical application, measurement of the operator’s own exhaled 
carbon dioxide was used to establish a standard of deflection—approximately 
5.5 per cent carbon dioxide. Any recording above the operator’s own expired 
carbon dioxide level implies a higher alveolar carbon dioxide, and anything 
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below, a lower alveolar carbon dioxide concentration. If a more accurate ac- 
count of the carbon dioxide concentrations is desired, standards of 2, 5, and 
7 per cents (Fig. 3), corrected by Scholander gas analysis,’° can be employed. 
However, employing calibrated gases is time consuming and is not necessary 
when the carbon dioxide analyzer is used as a clinical monitor. 

It is important to establish a level of alveolar carbon dioxide for each pa- 
tient, since it may vary with the disease of the patient. Alveolar aeration is 
a function of the rate and depth of breathing and the effective portion of each 
breath that reaches the alveoli, hence it is important to obtain a level of ex- 
pired carbon dioxide for each patient. For instance, an anemic patient, a 
pregnant mother at term, or a 24-hour-old infant has a lower concentration of 

STANDARDS ! 
a. 


Fig. 3.—a, Tracing of operator’s expired and inspired air. b, Seven per cent carbon 
dioxide standard (approximately). c, Five per cent carbon dioxide standard (approximately). 
d, Two per cent carbon dioxide standard (approximately). 


expired carbon dioxide than the normal adult. A dehydrated patient may 
have a very high concentration of expired carbon dioxide. Only when the 
expired and inspired earbon dioxide sufficiently deviate from the normal for 
a particular patient can functional disturbance be recognized and corrected. 

It is not the intention of this report to state precise statistical figures of 
concentrations of expired and inspired carbon dioxide. What is intended is 
to show the changes that take place in the carbon dioxide concentration of the 
patient during anesthesia, and the interpretation of these changes. No al- 
lowances have been made for changes in barometric pressure or for the fact 
that the sampled end tidal air has a little less concentration than the alveolar 
earbon dioxide. Changes in the patient’s body temperature have only been 
taken into consideration in instances in which there was a marked change, 
as during hypothermia. 


REVIEW OF TEST RESULTS 


During the past 3 years, many hundreds of records have been taken of 
infants and children during anesthesia and surgery. For this report, we have 
selected those tracings of expired and inspired carbon dioxide which indicate 
changes in the production of carbon dioxide, but, even more vitally, indicate 
breath-to-breath deviations from an adequate pulmonary circulation and/or 
alveolar ventilation. 
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MONITOR OF CARBON DIOXIDE PRODUCTION 


First, we will review the alterations in the expired carbon dioxide which 
occurred as a result of changes in the production of carbon dioxide. In pa- 
tients with an elevation of body temperature or with alkalosis, there was a 
demonstrable increase in the excretion of carbon dioxide. Fig. 4 is the record 
of a patient who was given sodium bicarbonate intravenously and, upon the 
combination of this base with the fixed acids, carbon dioxide was released and 
excreted into the lungs.” 

In other instances, a decrease in the production of carbon dioxide oc- 
curred, for example, when the body temperature was artificially lowered, as 
in hypothermia (Fig. 5). 


EFFECT OF INJECTION OF 
SODIUM BICARBONATE 


v 


Fig. 4.—Right to left: At arrow sodium bicarbonate injected intravenously. This com- 
bines with the H ions in the blood and the increased carbon dioxide is excreted in the lungs. 
This is also a useful test for determining circulation time. 


HYPOTHERMIA 


5.—a, Tracing of operator’s expired and inspired air. b, Patient’s esophageal tem- 
BN... 37° C. and expired carbon dioxide level almost equals that of the operator. c, Patient’s 
temperature 30° C. expired carbon dioxide depressed. 


CARDIOVASCULAR SYSTEM MONITOR 


One of the more valuable applications of the continuous recording of 
expired carbon dioxide is to monitor the amount of blood perfusing the lungs, 
and, in the absence of intracardiac shunts, the volume of the pulmonary cireu- 
lation is equal to that of the systemic. Changes in volume of pulmonary blood 
flow can be best interpreted if there is a uniform alveolar ventilation, such as 
is achieved with an artificial ventilator delivering a fixed tidal volume at a 
fixed frequency per minute (Fig. 6). However, if a leak-proof set-up is used, 
a fixed tidal volume can be delivered with manual compression of the breathing 
bag by inserting a ventilation meter, such as that developed by Monaghan. 
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Ten clinical situations are presented where the decrease or increase in the 
concentration of expired carbon dioxide was interpreted as related to de- 
creased or increased pulmonary blood flow. The situations observed are: 
hemorrhage, transfusion, complete or partial occlusion of vessels to and from 
the heart, cardiac massage, dislocated position of the heart, pacemaker effect, 
depressed myocardium by an anesthetic agent, and a vasopressor drug effect 
producing a rise in blood pressure but no increase in expired carbon dioxide. 


Fig. 6.—Uniformity of tracing when mechanical ventilator is used with fixed tidal volume 
and frequency. 


HEMORRHAGE 


Fig. 7.—Abrupt drop in expired carbon dioxide corresponded with an acute severe 
hemorrhage of the patient. The hemorrhage was quickly controlled and the expired carbon 
dioxide returned to normal. 


EFFECT OF TRANSFUSION 


Fig. 8.—Right to left: There is an elevation of expired carbon dioxide as the patient, who had 
lost considerable blood, was transfused. 


A reduction in pulmonary blood volume flow was noted when the patient 
suffered a rapid, profuse hemorrhage (Fig. 7). 

The cardiac output, or pulmonary flow, was increased during a blood 
transfusion as evidenced by the rise in expired carbon dioxide (Fig. 8), sug- 
gesting that the carbon dioxide analyzer can be used as a practical guide for 
blood replacement. 

The surgeon occluded the superior and inferior venae cavae, pulmonary 
artery, and the aorta during an atrial septal defect repair under hypothermia 
(Fig. 9). Even though the ventilation of the lungs was adequate and uniform, 
the blood flow through the lungs was stopped completely by the occlusion of 
the vessels, and no carbon dioxide was excreted into the alveoli. This case 
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perhaps affords the most convincing demonstration that the expired carbon 
dioxide bears a relationship to the perfusion of the lungs, for there was no 
blood flow in either the pulmonary or the bronchial arteries. 

Carbon dioxide changes seen during occlusion of the circulation should 
not be confused with those seen during cardiac arrest. In cardiac arrest, an 
extremely low alveolar carbon dioxide often results from an ineffective arti- 
ficial pulmonary cireulation accompanying artificial ventilation, which not 


Fig. 9.—Right to left: When the superior and inferior venae cavae, pulmonary artery, 
and aorta are clamped, the expired carbon dioxide goes to zero. On release of the clamps the 
expired carbon dioxide again appears and, in this instance, the pulmonary blood flow, was 
better before the occlusion than after. There is no expired carbon dioxide during the occluded 
period because there is no flow of blood through the lungs. 


OCCLUSION OF GREAT VESSELS 


SLOW RECOVERY BEFORE 
FOLLOWING OCCLUSION 
OCCLUSION 


Fig. 10.—Tracing on the right shows an expired carbon dioxide level before occlusion of 
the great vessels of the heart. . 

Tracing on the left shows first a lower level of excreted carbon dioxide as compared to 
the normal, but, as the heart regained its tone, the expired carbon dioxide rose rapidly above 
ee level. This high level is due to the retention of carbon dioxide during the occlusion 

eriod. 


Fig. 11.—Right to left: Superior and inferior venae cavae are occluded and the pul- 
monary artery is partially occluded; therefore, a small amount of carbon dioxide was being 
excreted from the capillaries into the alveoli. 


only pushes the blood forward out of the pulmonary capillaries but also eom- 
presses the heart and interferes with venous return. 

When all of the great vessels of the heart were occluded (Fig. 10), at 
the time of the removal of the clamps, the concentration of expired carbon 
dioxide was lower than that observed before the occlusion, indicating a re- 
duced cardiae output. However, within 2 minutes the heart recovered spon- 
taneously, the output improved, and simultaneously the concentration of 
expired carbon dioxide was increased. As a matter of fact, the expired carbon 
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dioxide rose to a higher concentration than prior to the occlusion. The 
retention of carbon dioxide in the body during the occlusion period accounts 
for the higher rise after occlusion. 

Even a partial occlusion of the pulmonary artery reduces the amount of 
blood flowing through the pulmonary capillaries and was accompanied by a 
decrease in expired carbon dioxide (Fig. 11). 

The effect of adequate cardiac output achieved by the performance of 
effective cardiac massage is shown in Fig. 12. 


Fig. 12.—With cardiac massage there is improved cardiac output with elevation of expired 
carbon dioxide. 


DISLOCATED HEART 


Fig. 13.—At the arrow, the surgeon lifted the heart and occluded the inflow tract, reducing 
the pulmonary outflow with a very obvious drop in carbon dioxide excretion. 


PACEMAKER EFFECT 
DEEP HYPOTHERMIA 


Fig. 14.—Right to left: Pacemaker applied to the heart. There is a slight improvement of 
cardiac output. 


When the heart is dislocated by the surgeon, as in lifting it up, a partial 
occlusion of blood flow into the right atrium results, for the superior and in- 
ferior venae cavae are easily compressed. The dislocation of the heart de- 
creases the output of the right ventricle and the flow of blood through the 
pulmonary artery and capillaries, resulting in a sharp drop in the excretion 
of carbon dioxide (Fig. 13). It is obvious that a prolonged dislocation of the 
heart by the surgeon would be hazardous. 


MASSAGE NO MASSAGE 
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‘There was a slight improvement in cardiac output as shown with a pace- 
maker (Fig. 14), although the pacemaker has certain other important uses. 

The tracing in Fig. 15 was obtained on a patient who was given halothane 
(Fluothane) and, as the anesthesia was deepened, the myocardium was de- 
pressed and cardiae output reduced. The decreased cardiae output and flow 
of blood through the pulmonary capillaries lowers the excretion of carbon 
dioxide. If, however, the patient is put on manual artificial ventilation of the 
lungs, since Fluothane increased lung compliance, there may be an increase 
in the alveolar ventilation, with an additional lowering of the expired carbon 
dioxide. This case illustrates the importance of maintaining a uniform alve- 
olar ventilation when employing the carbon dioxide analyzer as a monitor of 
pulmonary blood flow. 


INCREASING DEPTH OF FLUOTHANE 
ANESTHESIA 


Fig. 15.—Right to left: Increasing depth of anesthesia with most anesthetic agents de- 
creases cardiac output, but also increases compliance and tidal alveolar ventilation. Both 
factors are causing a decrease in expired carbon dioxide in this tracing. 


EFFECT OF A VASOPRESSOR ON ALVEOLAR CO2 


Fig. 16.—Patient anesthetized with halothane (Fluothane). Right to left: A, Before a 
vasopressor—blood pressure 80/50. B, After intravenous vasopressor—blood_ pressure 170/120 
(expired carbon dioxide unchanged). This suggests minimal change in pulmonary capillary 
blood flow from the vasopressor. 


‘On several occasions a vasopressor caused a sharp rise in blood pressure, 

but did not seem to alter the expired carbon dioxide concentration (Fig. 16). 
; This indicates no increase in pulmonary blood flow. However, a constriction 
of arterioles was postulated, and pulmonary and systemic arterial pressures 
rose. This deduction does not negate the possibility that in other conditions 
or with other vasopressors the volume flow of blood would have inereased. 


RESPIRATORY SYSTEM MONITOR 


Of particular advantage to the anesthesiologist is the employment of the 
sampled expired carbon dioxide as an indicator of effective alveolar ventila- 
tion. For instance, a rise in the concentration of the sampled carbon dioxide 
occurred when there was hypoventilation from drug depression (Fig. 17). 
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Similarly, increasing dead space in the anesthetic equipment produced by 
the application of a mask over the face (Fig. 18), by using exhausted soda 
lime, or by inverting the exhalation valves (Fig. 19), caused a rise in the in- 
spired and expired carbon dioxide. To lower the concentration of carbon 


HYPOVENTILATION FROM DRUG DEPRESSION 
Bp Pulse 138 


Intubation 


Bp 
Pulse 94 H 
+7%= 


L-smin.—| 


Fig. 17.—Patient was given large doses of sedatives and was quiet. The blood pressure 
and pulse rate were elevated and nostril sample of expired air was approximately 7 per cent 
carbon dioxide. Respiratory assistance, increasing pulmonary ventilation, produced a decrease 
in the expired and inspired carbon dioxide, blood pressure, and pulse rate. 


MASK OVER ENDOTRACHEAL TUBE 
| 


| 


Fig. 18.—Right to left: Black block: Spontaneous respiration through endotracheal tube 


open to atmosphere. 
Striped block: Mask over endotracheal tube causing increase in dead space with decrease 
in alveolar ventilation with a rise in excreted carbon dioxide. Elevated base line is due to the 


rebreathing and illustrates the high inspiratory carbon dioxide. 


DEAD SPACE IN EQUIPMENT 


Inhalation valve replaced 
inhalation valve removed 

absorber reinserted 

b 


Fig. 19.—There is a considerable rebreathing either when the absorber is removed or when the 


inhalation valve is defective 
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ABDOMINAL DISTENTION 


Fig. 20.—On account of the abdominal distention, the diaphragm cannot descend and therefore 
the tidal volume is reduced and expiratory and inspiratory carbon dioxide are elevated. 


SPLINTING OF ABDOMINAL MUSCLES 


"3 YEARS 


Fig. 21.—The elevation of the expired and inspired carbon dioxide concomitant with the splint- 
ing of the respiratory muscles suggests reduced tidal alveolar ventilation. 


PATENT DUCTUS ARTERIOSUS 


18 MONTHS 


Fig. a to left: Chest open and the lung collapsed, resulting in an elevation of 
carbon dioxide, blood pressure, and pulse rate. On ventilation of the expanded lungs the ex- 
pired carbon dioxide, the blood pressure, and pulse rate decrease. 


CONGENITAL ATELECTASIS 


Fig. 23.—-During spontaneous respiration in this 6-week-old anesthetized infant with atelectasis, 
the inspired and expired carbon dioxide were elevated. 
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HYPERVENTILATION 


Fig. 24.—Right to left: Black block: Normal ventilation. Striped block: Hyperventilation 
with lowering of expired carbon dioxide. 


TRACHEOESOPHAGEAL FISTULA 


(CHEST OPEN) 


1 DAY 


Fig. 25.—With artificial ventilation of the lungs and the chest open, the improved alveolar 
ventilation keeps the expired and inspired carbon dioxide normal or low. The newborn infant 
normally has a low alveolar carbon dioxide. 


Fig. 26.—Right to left: On removal of the intestines from the left chest, improved ventilation 
of the lungs could be carried out with a decrease in the expired carbon dioxide. 


OBSTRUCTION TO RESPIRATION 


COMPLETE OBSTRUCTION PARTIAL OBSTRUCTION 


Fig. 27.—Expired and inspired carbon dioxide as a diagnostic aid in an obstructed airway. 


A, Surgeon completely occluded the trachea and no expired gases could enter the endo- 
tracheal tube. 


B, Partial obstruction from a kinked endotracheal tube. 
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dioxide in some of the cases, in which the dead space was great, posed a prob- 
lem, because it was difficult to improve the alveolar ventilation sufficiently, 
either by increasing the tidal volume or by supplying a large gas dilution. 

In other cases, the improvement of alveolar ventilation was prevented 
by marked abdominal distention (Fig. 20) or by splinting of the abdominal 
muscles (Fig. 21). 

Collapse of a lung, as occurs during the operation for patent ductus ar- 
teriosus (Fig. 22), caused a rise in the carbon dioxide because of the decreased 
alveolar ventilation. A high concentration of expired carbon dioxide was 
recorded when there was a congenital atelectasis (Fig. 23), since the amount 
of functioning lung was decreased and the carbon dioxide level of the blood 
was elevated, resulting in an inereased excretion of carbon dioxide into the 
functioning alveoli. 

A decrease in the expired carbon dioxide occurred when there was hyper- 
ventilation. This can be readily produced artificially by the anesthesiologist 
(Fig. 24). 

Similarly, in an open thoracotomy when the lung was allowed to expand 
more fully because it was no longer restricted by the thoracic wall, there was 
a drop in the expired carbon dioxide. This was seen, for example, during 
repair of a tracheoesophageal fistula (Fig. 25) when the chest was opened 
and also when a muscle relaxant was given to the patient. 

During repair of a diaphragmatic hernia when the intestine was removed 
from the thoracic cage, there was a reduction in the alveolar carbon dioxide 
(Fig. 26). 

Expired carbon dioxide was reduced and inspired carbon dioxide elevated 
when there was partial obstruction to respiration with rebreathing, serving 
as a valuable diagnostic index of obstruction to respiration (Fig. 27). 


SUMMARY 


In summary, the rapid infrared carbon dioxide analyzer can serve as a 
monitor for production of carbon dioxide and for detecting changes in the 
functioning of the cardiovascular and respiratory systems during anesthesia 
and operation. Perhaps one of the most valuable assets of the carbon dioxide 
analyzer is that it is a continuous monitor, thus revealing far more accurate 
information regarding the circulation than does the routine, intermittent re- 
cording of blood pressure and pulse rate. 
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THE OCCURRENCE AND CHARACTERIZATION OF EMBOLI 
ASSOCIATED WITH THE USE OF A SILICONE 
ANTIFOAMING AGENT 


Robert W. Thomassen, First Lieutenant, VC, USA,* James P. Howbert, 
Captain, MC, USA,** Dean F. Winn, Jr., Major, MC, USA,*** and 
Samuel W. Thompson, II, Major, VC, USA,* Denver, Colo. 


ILICONE antifoaming agents are widely employed in pump-oxygenators 
during extracorporeal circulation. Early studies of the effects of silicones 
after oral and parenteral administration, inhalation, and local application 
showed them in general to be relatively nontoxic.® However, the effect of 
intravascular administration of silicones was not intensively studied. Recent 
reports” ® have demonstrated that a commonly used antifoaming agent will 
produce embolism and may cause death in dogs when injected intravascularly. 
Penry and co-workers® reported that the experimentally induced silicone 
emboli could be demonstrated by oil red O staining of frozen tissue sections. 
Other investigators® 7° suggested that some of the difficulties encountered 
in animals subjected to extracorporeal circulation could be attributed to sili- 
cone embolism. 

Although Yates and associates" reported the detection of antifoam emboli 
in dogs after perfusion with a heart-lung machine, no conclusive evidence has 
been reported correlating the use of an antifoaming agent in pump-oxygena- 
tors with the occurrence of silicone emboli in man. 

Our preliminary investigation of the effect of the intra-arterial injection 
of an antifoaming agent{ revealed the difficulty in identifying this colorless, 
trarisparent material in tissue. Using phase microscopy, we examined tissues 
obtained at autopsy from human beings who died after cardiae operations. 
A transparent, colorless, foreign material, similar to that seen in dogs injected 
intra-arterially with the antifoaming agent, was found in those patients who 
had experienced extracorporeal circulation. This observation was reported 
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tA ae Loe ay mixed with powdered silica. The reported particle size 
of the silica is about 20 m d its SiOz. content is 90.5 + 1 per cent. Other components are 
5 + 1 per cent water, 2.5 + O05 per cent sodium sulfate, less than 1 per cent iron oxide and 
aluminum oxide combined, and traces of other elements. The ey is 3,600-4,000 centipoises, 
the specific gravity 0.996-1.004, and the refractive index 1.040-1.4 
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earlier.’ This paper is designed to elaborate on the autopsy material, in- 
cluding additional cases, and to detail some observations on identifying and 
characterizing the material in tissue sections. The similarity of the emboli 
occurring in surgical subjects to the emboli occurring in dogs injected with 
the antifoaming agent will be demonstrated. In addition, the similarity 
of the particulate matter present in the antifoaming agent to the foreign 
material demonstrated in tissue sections will be shown. 


MATERIALS 


Tissues were obtained at autopsy from 11 human beings exposed to the antifoaming 
agent and 4 human beings not exposed to the agent. Tissues also were collected at nec- 
ropsy of 2 dogs injected with the antifoaming agent and 6 dogs not injected with the 
agent. 


Group I.—This group consists of 11 patients who experienced extracorporeal per- 
fusion during cardiac operation (Table I). The pump-oxygenator used in all cases con- 
sisted basically of Sigmamotor pumps and a DeWall-type bubble oxygenator. Six milliliters 
of the antifoaming agent was mixed with 100 ml. of diethyl ether and the mixture was 
allowed to settle for 20 minutes. The supernatant was then decanted and applied as a 
rinse to the debubbling chamber and 3 multistrand plastic sponges. After drainage of 
the excess antifoaming mixture, the coated objects were. autoclaved at a temperature of 
120° C. for 20 minutes. They were then dried in the autoclave for 3 hours. 


THE OCCURRENCE OF THE FOREIGN MATERIAL IN HUMAN TISSUES 


TABLE I. 


DURATION 
DURATION OF POST- 


CASE | OF BYPASS] OPERATIVE ORGANS 
NUMBER (MIN.) SURVIVAL BRAIN | HEART | LUNG | LIVER SPLEEN | KIDNEY 
Group 1 
i 39 10 hours + + - + + + 
2 36 12 hours + + + + ~ + . 
3 69 7 hours + + + + + + 
4 35 7 hours + + + + - + 
5 10 24 hours + - - + - - 
6 33 90 hours + ~ + + + + 
‘A 35 72 hours + + - + + + 
8 17 28 days + + + + + + 
9 63 vs + + + + + + 
10 120 - + - - + + + 
137 19 hours 4 - + + + 
Group II 
1 0 47 days ~ - - - ~ ~ 
Died during 
2 0 operation - - - - ~ - 
3 0 days - ~ - - 
4 0 16 hours - - - - - - 


— = Absence of 


end: + = Presence of foreign material in the examined sections. 
“hnaterial in the examined sections. 
*Died at operation after perfusion had been discontinued. 
**Unfixed, frozen sections also examined. 


The patients were operated on for a variety of congenital and acquired cardiac 
lesions. Death in all 11 cases was related either to technical inability to correct the 
defect, severe pulmonary hypertension, or an irreparable lesion. In none of the cases 
was there clinical evidence of embolism, 

Tissues obtained at autopsy were placed in 10 per cent formalin. In addition, un- 
fixed tissue was collected at autopsy of Case 11. 
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' Group II.—This group consists of 4 patients who had been subjected to cardiac 
operation or thoracotomy with the finding of an inoperable cardiac lesion (Table I). None 
was placed on extracorporeal circulation. 


The tissues obtained at autopsy were placed in 10 per cent formalin. 


Group III.—This group consists of 2 dogs that received single intra-arterial injec- 
tions of the antifoaming agent. Both dogs were anesthetized with intravenous Pentothal 
sodium, and were intubated with endotracheal catheters. In each case, the left common 
carotid artery was exposed and the antifoaming agent injected slowly. The quantity 
injected in one dog was 5 ml. and in the other 3 ml. After a postinfusion period of 114 
hours, during which the administration of 100 per cent oxygen was required to maintain 
life, the dogs were killed by overdosage of Pentothal sodium. 

At necropsy, unfixed brain tissue was collected and the remainder of the brain 
placed in 10 per cent formalin buffered to pH 7.0. 


Group IV.—This group consists of 6 dogs anesthetized with intravenous pentobarbital 
sodium. These dogs had been employed as anesthetic control animals for another investiga- 
tion in which no surgical procedures were performed. The dogs were killed by overdosage 
of pentobarbital sodium after periods of anesthesia from 14 to 8 hours. 

At necropsy, tissues from each animal, including brain, were placed in 10 per cent 
formalin buffered to pH 7.0, 


METHODS 


Preparation of Tissue Sections and Staining.—Specimens of the formalin-fixed nec- 
ropsy material were dehydrated in ethyl alcohol, cleared in chloroform, infiltrated and 
embedded in paraftin. Sections were cut 6 to 8 mw in thickness, stained with Harris’ 
hematoxylin and aqueous eosin, and mounted in Permount. Replicate sections were cut 
of the brain, heart, lung, liver, spleen, and kidney of the cases in Group I and of the 
brain of the cases in Group III. These sections were reserved for study as unstained 
sections and for microincineration. : : 

Frozen sections, 15 to 20 mw in thickness, were cut from the unfixed brain, heart, 
lung, liver, spleen, and kidney of Case 11 in Group I and from the unfixed brain tissue 
of the 2 cases in Group III. These sections were stained with Harris’ hematoxylin and 
aqueous eosin and mounted in Permount. 

Replicate frozen sections, 15 to 20 uw in thickness, were cut from the formalin-fixed 
brain tissue of the 8 dogs in Groups III and IV. Duplicate sections were stained with 
oil red O in isopropyl alcohol and oil red O in propylene glycol for 5 and 20 minutes, 
respectively.13 Sections were also stained for 18 hours in oil red O in propylene glycol. 
All sections were counterstained with Harris’ hematoxylin and mounted in glycerine jelly. 


. Microscopy.—Five methods of microscopy were employed in the examination of the 
tissue sections: (1) routine bright field, (2) phase, (3) dark field, (4) polarizing, and 
(5) fluorescence microscopy. The hematoxylin and eosin stained tissue sections from 
all 4 groups were examined by bright field microscopy for the presence of the foreign 
material and histologic lesions. The same slides were reviewed by phase microscopy for 
the detection of the foreign material. The AO Spencer phase microscope was used, 
equipped with bright and dark contrast phase objectives and the turret phase condenser. 
Any foreign material seen was then examined by means of dark-field illumination and 
the polarizing microscope. Deparaffinized, unstained, glycerine-mounted sections of tissues 
from Groups I and III were examined by phase microscopy. Any foreign material seen 
was then examined by fluorescence microscopy. For the latter procedure, a Philips CS 150 
high pressure mercury vapor lamp was used with two filter systems: (1) a 6 mm. UG1 
transmission filter and a 2.5 mm. Euphos absorption filter, and (2) a 4 mm. BG12 trans- 
mission filter and a 2.5 mm. OG1 absorption filter. System 1 produces an exciting light 
of 360 mz wave length. System 2 produces an exciting light of 400 my wave length. 
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Microincineration.—At least one section from each case in Groups I and III (those 
exposed to the antifoaming agent) was subjected to microincineration. Prior to incinera- 
tion, the sections were deparaffinized in xylene and mounted in cedar oil. Using phase 
microscopy, the foreign material was identified and then localized using the coordinates 
of the graduated mechanical stage and by diagrams. The coverslips were removed and 
the slides dipped in xylene to remove the cedar oil. The slides were then placed on a 
flat surface in a muffle furnace and the temperature of the furnace gradually raised to 
620° C. After a period of 20 minutes, the furnace was allowed to cool to room temperature. 
The slides were removed from the furnace and immediately coverslipped in a dry state. 
Using the previously recorded stage coordinates and diagrams, the original sites were 
re-examined, 


Extractions.—Paraftin-embedded sections of brain from a case in Group I and a dog 
in Group III were exposed to 3 solvents of the antifoaming agent. The sections were 
deparaftinized in xylene and mounted in cedar oil. Any foreign material found by phase 
microscopy was localized by stage coordinates. The coverslips were then removed and 
the cedar oil washed off in xylene. Three groups of slides were formed. Each group 
consisted of a positive section from the case in Group I and a positive section from the 
dog in Group III. One group of slides was placed in a carrier attached to the rotating 
head of the Autotechnicon. The carrier was submerged in benzene and the slides rotated 
in this solvent for 40 hours. Using this technique, the second group of slides was exposed 
to toluene for 17 hours. The third group of slides was exposed to diethyl ether for 6 
hours. Following exposure to the solvents, the slides were air dried, dipped in xylene, 
and mounted in cedar oil. Utilizing the previously recorded stage coordinates, the slides 
were re-examined by phase microscopy. 


Refractive Index Determination—The refractive indices of the particulate matter 
in the antifoaming agent and the foreign material in the paraffin-embedded brain sections 
of 2 cases in Group I and 1 case in Group III were determined. These determinations 
were made by use of the phase microscope and several solvents as surrounding media 
of various refractive indices. The ambient temperature of the room in which these 
determinations were performed was 23° C. One part of antifoaming agent was mixed 
with 20 parts of the solvent. The solvents employed were diethyl ether (refractive index, 
n = 1.349), benzene (n = 1.497), toluene (n = 1.495), carbon tetrachloride (n = 1.457), 
kerosene (n = 1.450), chloroform (n = 1.442), and several diethyl ether-chloroform 
mixtures with refractive indices ranging between 1.349 and 1.442. The Bausch and Lomb 
Abbe refractometer was used in determining the refractive indices of these liquids at a 
temperature of 23° C. One drop of an antifoaming agent-solvent mixture was placed on 
a slide. A coverslip was applied and its edges sealed to the slide by melted paraffin. 
Using the dark contrast phase objectives, the brightness or darkness of the particulate 
matter in the antifoaming agent was compared to that of the surrounding medium. This 
procedure was repeated with each solvent as a surrounding medium. The paraffin-embedded 
brain sections were deparaffinized in xylene and air dried. Using a solvent as a “mounting 
medium,” the contrast between the foreign material and the surrounding liquid was ob- 
served. The tissue section was then air dried and another solvent applied. All the 
solvents just listed were used. 


Examination of the Perfusion Blood.—Several in vitro manipulations were done. 
Blood taken from the: pump-oxygenator was examined for foreign particles by bright 
field and phase microscopy. Samples were obtained after priming of the pump, 10 minutes 
after extracorporeal circulation began, and at the cessation of perfusion, approximately 
1 hour later, Both “arterial” and “venous” samples were obtained. Thin smears and 
wet mounts were made immediately. The latter were prepared by placing a drop of blood 
on a slide, coverslipping, and sealing the edges to the slide with melted paraffin. The 
slides were examined immediately, several hours later, and again in 4 to 6 days. 


Characterization of the Antifoaming Agent.—A pinch of oil red O stain was thoroughly 
mixed with approximately 3 ml. of the antifoaming agent. In addition, the agent was 
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mixed with equal volumes of oil red O in isopropyl alcohol and oil red O in propylene 
glycol. After 5 and 20 minutes, respectively, the mixtures were placed on slides, cover- 
slipped and examined by bright field and phase microscopy. Slides of the antifoaming 
agent and the staining solutions alone were examined for comparison. 

The five previously described methods of microscopy were employed in the examina- 
tion of drops of the antifoaming agent taken directly from the commercial container, 
placed on slides, and coverslipped. Smears of the agent were also subjected to microin- 
cineration and examined microscopically. 


RESULTS 


Microscopic examination of the sections stained with hematoxylin and 
eosin and mounted in Permount from the patients experiencing extracorporeal 
perfusion (Group I) revealed a foreign material within blood vessels (Figs. 
1, 2, 3). Only large particles could be seen by bright field microscopy, and 
then only when the substage and condenser were racked down. The foreign 
material was transparent and colorless. Using phase microscopy with the 
dark contrast objectives, the foreign material appeared as bright, colorless 
particles of irregular size and shape. The brillianey of the particles dis- 
tinguished them from clumps of formed elements of the blood. The bright 
contrast phase objectives revealed the particles as dark objects. The foreign 
material was seen, but less distinctly, in the frozen sections of the Case 11 
from Group I (Fig. 4). 

The particles ranged in size from 2 to 3 » flecks, contiguous to the endo- 
thelium, to larger masses, a few of which occluded terminal arterioles and 
capillaries. Vessels of this caliber were, with few exceptions, the only ones 
found to contain the material. No extravascular particles were seen. Dila- 
tion of many vessels suggested occlusion, although the actual occlusion fre- 
quently was not seen at the level of the examined section. The occurrence 
of the particles within the organs studied is summarized in Table I. There 
were no apparent correlations between various factors; including the number 
of organs involved, the number of particles seen, the size of the particles, and 
the duration of perfusion or postoperative survival. 

Tissue sections from the patients not experiencing extracorporeal perfusion 
(Group II) were similarly examined and no foreign material was observed. 

* Microscopic examination of the sections of brain from the dogs injected 
with the antifoaming agent (Group III) revealed intravascular foreign mate- 
rial that was identical in appearance to that seen in the human beings of 
Group I. Larger masses often occluded small arteries. The material was 
present in the unfixed frozen sections. 

No foreign material was seen in the sections of brain from the dogs that 
were not injected with the antifoaming agent (Group IV). 

Dark-field microscopy revealed the foreign material in Groups I and III 
as white luminous particles against the dark background. The particles were 
not birefringent and showed no primary fluorescence. 

The autopsy material of Group I was reviewed for the presence of lesions, 
especially those suggesting vascular occlusion. Occasionally small hemor- 
rhagic areas and/or microinfarcts were noted. These were most common in 
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heart, lungs, and brain. No correlations between the presence or amount of 
foreign material and occurrence, distribution, or number of lesions were evi- 
dent. In many instances, the lesions of the heart and lung could be reasonably 
attributed to direct surgical trauma. As far as could be determined, no 
emboli other than the foreign material described were present. 

Small hemorrhagic areas and/or microinfarects were seen with approxi- 
mately the same frequency in Group II as in Group I. 

Examination of the brain sections of Group III revealed scattered small 
hemorrhagic areas in addition to the dilated vessels and emboli. No lesions 
were seen in the brains of the dogs in Group IV. 

The frozen sections of formalin-fixed brain tissue of all the experimental 
animals, Groups III and IV, showed oil red O positive material associated with 
small vessels. In most instances, the material could be identified as droplets 
filling the cytoplasm of phagocytic endothelial cells. In addition, positively 
staining masses of coalescent droplets, apparently within and occluding ves- 
sels, were present in the 2 injected animals and 5 of the 6 control animals. In 
the 2 animals injected with the antifoaming agent, the intravascular particu- 
late material remained unstained, even in the sections stained for 18 hours 
in oil red O in propylene glycol. No significant differences were noted be- 
tween tissues stained with isopropyl alcohol and propylene glycol solutions 
of oil red O. 

The antifoaming agent was colored red when mixed with oil red O stain. 
Smears of the antifoaming agent mixed with oil red O in isopropyl aleohol and 
propylene glycol, and compared microscopically with smears of the antifoam- 
ing agent and the staining solutions alone, showed that the particulate mat- 
ter in the antifoaming agent does not stain. The clear portion of the anti- 
foaming agent was colored red. 

Particles of the foreign material, identified in unstained sections, were 
seen to persist following microincineration (Figs. 5, 6, 7, and 8). Positive 
spodograms were obtained of at least one section, brain or kidney, from each 
subject exposed to the antifoaming agent (Groups I and II). The particles, 
in general, showed some decrease in size after incineration. 

Examination of the tissue sections after exposure to benzene, toluene, 
and diethyl ether revealed that the foreign material originally observed was 
still present. 

Using phase microscopy with dark contrast objectives, the particulate 
matter in the antifoaming agent appeared as dark particles when surrounded 
by diethyl ether and as bright particles when surrounded by benzene, toluene, 
carbon tetrachloride, kerosene, or chloroform. Comparison of the particles 
with the various diethyl ether-chloroform mixtures revealed that contrast was 
absent and the particles nonvisible in a mixture with a refractive index of 
1.437 at 23° C. The examination of the foreign material in tissue sections 
from Groups I and III resulted in similar findings. The results show’ that 
the particulate matter in the antifoaming agent and the foreign material in 
tissue sections have a refractive index greater than 1.349, less than 1.442, and 


approximately equal to 1.437. 
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Fig. 1.—Foreign material within the vasculature of human cerebellum as demonstrated 
by phase microscopy. (Hematoxylin and eosin, 825; reduced 14.) 
Fig. 2.—Foreign material within the vasculature of human spleen as demonstrated by 
phase (Hematoxylin and eosin, X825; reduced 1%.) 
3.—Foreign material within the glomerulus of human kidney as demonstrated by 
(Hematoxylin and eosin, X500; reduced 1%.) 
Fig. 4.—Foreign material within the glomerulus of human kidney as demonstrated by 


phase spicrossony. Frozen section of unfixed tissue. (Hematoxylin and eosin, 875; re- 
) 
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Fig. 5.—Foreign material within the vasculature of the brain of a dog injected with the 
autittnating agent as demonstrated by phase microscopy. (Unstained, X450; reduced 1%.) 
a edi 6.—Section illustrated in Fig. 5 after microincineration. Phase microscopy. (450; 
re 


7.—Foreign material within the vasculature of human brain as demonstrated by 
(Unstained, X825; reduced 
Fig. 8.—Section illustrated in Fig. 7 after microincineration. Phase microscopy. (850; 
reduced }.) 
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- Smears made of the blood samples obtained from the pump-oxygenator 
did not reveal any particulate matter or droplets that could be interpreted 
as the antifoaming agent when examined microscopically. 

Microscopie examination of the antifoaming agent showed it to be com- 
posed of a clear, colorless liquid containing transparent, colorless particulate 
matter most of which had a particle size of 1 » or less. However, there were 
many flake-like amorphous particles present whose visible dimensions were 10 
# or more. Some large irregularly shaped masses apparently made up of 
smaller particles were also present. A few particles had crystalline forms. 
Dark-field illumination revealed the particulate matter as dull white, luminous 
structures. The larger particles showed scattered, bright foci of light on 
their surfaces. The polarizing microscope showed the erystalline forms to 
be birefringent and the amorphous forms to be nonbirefringent with a few 
exceptional particles that appeared weakly birefringent. The fluorescence 
microscope showed only the largest particles and coalesced masses to be 
fluorescent. The fluorescence was a faint yellow in both systems. 

Microincineration of smears of the antifoaming agent left an abundant 
ash composed of colorless, irregularly shaped forms. 


DISCUSSION 


This investigation shows that after extracorporeal perfusion, utilizing 
the previously described antifoaming agent in the bubble oxygenator, there 
is a distinctive particulate material present within small blood vessels of the 
major viscera. Apparently identical material was found in the small cerebral 
vessels of dogs injected with the antifoaming agent. The material is present 
in both formalin-fixed, paraffin-embedded tissue sections and unfixed, frozen 
tissue sections. The material is also present in both stained and unstained 
tissue sections. None of this material was found in human beings not experi- 
encing extracorporeal perfusion, or in dogs in which no antifoaming agent 
was injected. 

This evidence suggests that the antifoaming agent or some component of 
the agent enters the circulation from the defoaming surfaces of the bubble 
oxygenator. Although the reported particle size, 20 mp, of the silica present 
in the antifoaming agent would render it nonvisible by light microscopy, our 
investigation revealed that there is particulate matter in the antifoaming mix- 
ture that is visible by several methods of light microscopy. Our examination 
of the antifoaming agent revealed the following: (1) Grossly the substance 
is light gray and translucent. (2) Microscopically, the substance is composed 
of a clear, colorless liquid in which transparent, colorless, particulate matter 
is suspended. (3) Many of the particles are of sufficient size to occlude capil- 
laries and small arterioles. (4) Most of the particulate matter is amorphous, 
nonbirefringent, and shows no primary fluorescence; however, there are pres- 
ent some crystalline forms that are birefringent and large amorphous masses 
that show a faint yellow primary fluorescence. (5) The antifoaming agent is 
miscible in diethyl ether, benzene, carbon tetrachloride, kerosene, chloroform, 


he 

4 


J. Thoracic and 
Cardiovas. Surg. 


THOMASSEN ET AL. 


620 


toluene, or zylene; however, the particulate matter does not dissolve in these 
solvents. (6) The amorphous particulate matter has a refractive index of 
1.437. (7) The particulate matter remains after incineration at 620° C. for 
20 minutes, indicating that it is inorganic. (8) The liquid portion of the 
antifoaming agent is a solvent of oil red O stain, but the particulate matter 
does not stain. 

The foreign material seen in tissue sections of both human beings and 
the injected dogs has the following properties. (1) The material is amorphous, 
transparent, and colorless. (2) The particle size ranges from 2 to 3 p» to 
masses large enough to occlude small arterioles and capillaries. (3) It is non- 
birefringent and shows no primary fluorescence. (4) The material is present 
in tissues dehydrated in ethyl aleohol and cleared in chloroform. It remains 
in tissue sections deparaffinized in xylene. It is not removed from tissue sec- 
tions exposed for several hours to benzene, toluene, or diethyl ether. The 
material is not removed from tissue sections exposed to diethyl ether, benzene, 
toluene, carbon tetrachloride, kerosene, and chloroform in refraction index 
determinations. (5) The foreign material has a refractive index of 1.437. 
(6) The material remains after ashing of tissue sections at 620° C. for 20 
minutes. (7) The particulate matter is not colored by oil red O staining 
methods. 

No birefringent crystalline forms were seen in tissue sections, nor were 
fluorescent particles seen. However, only a small fraction of the particulate 
matter in the antifoaming agent is birefringent and only the large, thick 
masses of material show primary fluorescence. Moreover, these large masses 
should readily fall in the sediment, during the settling period allowed the 
antifoaming agent-diethyl ether mixture prior to application of the super- 
natant to defoaming surfaces. 

Comparison of the properties of the antifoaming agent to the properties 
of the material in the tissue sections indicates that the foreign material seen 
in man and dog is identical to the particulate matter present in the antifoam- 
ing agent. These properties further indicate that the material is silica. 


Reed and Kittle’ demonstrated globules of material, assumed to be the 
antifoaming agent, in smears of blood made of samples taken from the arterial 
side of the oxygenating device. We were unable to demonstrate either glob- 
ules or particulate matter in specimens from one sampling of perfusion blood. 
However, our failure may only be a matter of not fortuitously obtaining a 
positive sample. 

Penry and associates* demonstrated oil red O-positive globules, considered 
to be the antifoaming agent, within the vasculature of dogs injected with 
the antifoaming agent. Since similar globules were not rendered black by 
treatment with osmium tetroxide, it was concluded that the globules were 
not fat. We found that oil red O stain will dissolve in the polydimethyl- 
siloxane polymer, and that globules of the polymer are probably demonstrated 
in frozen tissue section. However, we could not distinguish such material 
from oil red O-positive material seen in 5 of 6 control dogs. To demonstrate 
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globules of the polymer in tissue sections by this technique, it seems that the 
positive section should be decolorized and treated with osmium tetroxide, to 
determine if the same globules are truly some substance that does not reduce 
osmium tetroxide or are globules of unsaturated fat. 

Our investigation demonstrates only the presence of intravascular par- 
ticulate material within tissues of patients subjected to extracorporeal cireu- 
lation.. As Reed and Kittle’ have indicated, it is possible that the fluid por- 
tion of the antifoaming agent also enters the circulation, but we offer no proof 
of this. 

The implication of our findings is that the antifoaming agent used in 
extracorporeal perfusion is a possible source of emboli. The minute emboli, 
if present in small numbers, are probably well tolerated. However, it is con- 
ceivable that a single embolus to a vital center could be of serious consequence. 
Although lesions attributable to vascular occlusion were noted in the 11 cases 
exposed to the antifoaming agent, similar lesions were also noted in the 4 
cases not exposed to the antifoaming agent. Caution must be observed in 
evaluating such changes in patients undergoing this type of surgery. Con- 
ceivably, emboli from many sources and of varying nature are present. These 
would inelude, in addition to the emboli of the antifoaming agent, fat emboli 
due to sternal-splitting procedures, gas emboli from surgical manipulation or 
leaks in infusion tubing, blood clots or thrombi developing in the traumatized 
tissues. Anoxia alone could also cause focal areas of necrosis. ; 

Another facet, as yet not fully explored, is the long-term effect of the 
antifoaming agent or its solid component injected intra-arterially. Since no 
metabolic or excretory pathway for the antifoaming agent has been shown, it 
seems likely that once entering the body the substance could persist for an 
interminable period. Possibly, it could incite a granulomatous reaction such 
as is seen in pulmonary silicosis. Some indication of the persistence of the 
foreign material was noted in a patient surviving for 28 days. 


SUMMARY 


An intravascular foreign material was found in the tissues of patients ex- 
posed to a silicone antifoaming agent during extracorporeal cireulation. Evi- 


dence shows that the foreign material is the particulate matter present in the 
antifoaming agent. 

The photographs were taken by Mr. William Hommel of the Pathology Service, 
Fitzsimons General Hospital, Denver, Colorado. The authors also acknowledge the co- 


operation of the Surgery Unit, Physiology Division, U. 8S. Army Medical Research and 
Nutrition Laboratory in providing and anesthetizing the dogs used in this study. 
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THE FATE OF PERICARDIAL GRAFTS INSERTED INTO THE 
RIGHT VENTRICULAR OUTFLOW TRACT IN DOGS 


George A. Harkins, M.D.,* ]. Keith Ross, F.R.C.S.,** and 
Frank Gerbode, M.D., San Francisco, Calif. 


EVERE NARROWING of the pulmonary outflow tract, as seen in the tetralogy of 

Fallot, represents a surgical challenge which has been met, but which 
remains a controversial problem. Enlargement of the severely narrowed in- 
fundibulum and pulmonary artery has been achieved successfully by the 
insertion of a gusset or prosthesis of foreign material, as first described by 
Warden and his co-workers.!' This technique has made total correction of the 
abnormality possible in patients who otherwise would have been considered 
inoperable, and has notably reduced the operative mortality in the more ex- 
treme varieties of this deformity. 

A number of different materials have been used for artificial widening of 
the pulmonary outflow tract, but there has been little critical evaluation of the 
fate of such a prosthesis. Theoretically the host’s own tissues would be prefer- 
able to foreign substances in this situation. To test this theory a study was 
done to observe the fate of an autogenous graft in the wall of the pulmonary 
outflow tract over a period of time, and to determine if pericardium is suitable 
material from which to fashion it. 

In particular, we have investigated three aspects of this problem: (1) the 
fate of a single-layer, free pericardial graft; (2) the contribution that a second 
or reinforcing graft may offer; and (3) the significance of the position of the 
graft in relation to the pulmonary valve. 


METHOD 


Thirty adult mongrel dogs, 8 to 18 kilograms in weight, were used. In each animal 
an operation was performed by means of which a free pericardial patch was substituted for 
a substantial portion of the anterior wall of the pulmonary outflow tract, averaging 4.1 
sq. cm. in area. The procedure performed was as follows: The graft was sutured in place 
on three sides of the area of myocardium to be removed, then that area of myocardium 
was excised from under the partially fixed graft, and, finally, the remaining side of the 
pericardial graft was sutured to the cut edge of myocardium. Surface-induced hypo- 
thermia (30° to 32° C.) and inflow occlusion were used. This technique is illustrated in 
Fig. 1. 
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Fig. 1.—Operative technique used for removal of a portion of the right ventricular outflow 


tract and insertion of a free pericardial graft as replacement. 1, A 
dial fat the pericardium is incised and sutured on three sides to the outflow tract. 


margin of the pericardial graft is cut and an incision is made into the right ventricle at the 


inferior edge of the graft. 
he inferior edge of the pericardia 


8, The area of right ventricle under the graft is clamped and ex- 
graft is sutured to the free edge of the right 


The pericardial sac is left open. 


fter removal of para-pericar- 
2, The lower 
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‘The animals were divided into two groups of 15 each; one group was given no 
additional graft support, the other was supported by a second layer of autogenous material. 
In 13 animals the support was a free layer of fascia lata whereas in 2 it was a second 
layer of pericardium swung down as a pedicle flap. A further division was made in that, 
in 8 dogs, the graft was restricted to the ventricular side of the outflow tract, while in the 
remaining 22 the graft extended from the ventricle across the pulmonary ring for a distance 
of at least 1 cm. on the main pulmonary artery. In every case in the latter group, the 
excised portion included part of the valve ring and generally at least one valve cusp. 

One animal each was sacrificed at 2 weeks, 1 month, 3 months, and 5 months, and 
the remainder of the surviving animals at 6 months. In ail animals postmortem examination 
was carried out whereas in all long-term survivors a second formal thoracotomy, with in vivo 
examination of the graft, was done immediately before sacrifice. In addition, random 
animals were studied by high-speed photography (600 to 1,500 frames per second), chest 
x-ray, cineangiocardiography, and cardiac catheterization. Histologic study of all the grafts 
was made. 


Fig. 2.—Photomicrograph of a longitudinal section of a free pericardial graft in the right 
ventricular outflow tract taken at sacrifice 6 months following insertion, demonstrating en- 
dothelium under the graft. (200; reduced %.) 


RESULTS 


Thirteen animals succumbed prior to time for sacrifice and the details of 
these deaths are enumerated below. None of the 30 experimental animals 
showed evidence of rejection of the pericardial graft, and it was possible to 

? demonstrate endothelium under the graft in animals dying after the sixth day 
(Fig. 2). 


Early Postoperative Deaths—Two animals died during the 24 hours 
after operation, 1 of atelectasis and the other from occlusion of the pulmonary 
artery by a large thrombus, fixed to the cut edge of the myocardium and 
propagated under the graft. 


Hemorrhage.-—Hemorrhage was responsible for death in 4 animals that 
died between the sixth and eighth postoperative day. In 1 case this was 
due to failure of a stitch to incorporate tissue other than para-pericardial 
fat, and in another was found associated with an infected supporting fascia 
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lata graft. The remaining 2 were presumed to represent late disruption of a 
bleeding point secured at operation, there being no demonstrable breach in 
the graft or suture lines. 

Infection.—Three deaths were due to empyema, and all took place between 
the twelfth and twenty-fourth day after operation. In none of these was 
there evidence of extension of suppuration to the pericardial graft or evidence 
of septic pulmonary emboli. Three animals died from distemper between 
the twenty-seventh and sixtieth days, and 1 from a massive pleural effusion on 
the sixth postoperative day. 

Thrombus.—Some evidence of thrombus beneath the graft was found 
in 7 animals. In 4 it was paper-thin, organized, and tightly fixed to the graft. 
Thrombus of more substantial size was found in 2 instances of fatal hemo- 
thorax, and in 1, previously mentioned, it was considered to be the cause of 
early postoperative death. No thrombus was found in the long-term survivors, 
and, in these, examination of the lungs showed no gross or microscopic evidence 


of past pulmonary emboli. 


Fig. 3.—Sequential photographs of cineangiogram taken in the left anterior oblique posi- 
tion 3 months following insertion of pericardial graft into the right ventricular outflow tract. 
There are two catheters in place, one in the main pulmonary artery for injection, and the other 
in the right ventricular outflow tract for recording pressures. The injection has been made 
into the main pulmonary artery and the sequence shows the progression of regurgitation from 
the pulmonary artery into the right ventricle. This also demonstrates that there is no 
significant deformity of either the right ventricular outflow tract or the main pulmonary artery. 


Dilatation of the Graft—The animal sacrificed at 3 months showed 
definite systolic bulging of the graft which suggested that aneurysmal changes 
could be forecast in those to be inspected later. However, this proved to 
be an isolated finding and no dilatation of the graft was found in the remain- 
ing animals. This was confirmed by the findings on chest roentgenogram and 
cineangiocardiogram, neither of which showed evidence of dilatation or 
aneurysm formation in the closed chest (Fig. 3). High-speed cinematography 
confirmed with precision the absence of graft dilatation at second thoracotomy. 
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The findings in the animals sacrificed at staged intervals prior to the 
6 months end-point were substantially the same as those sacrificed at that time: 
no dynamic or progressive abnormality could be demonstrated. 


Fig. 4.—Photographs of the interior of the right ventricular outflow tract 6 months fol- 
lowing Treartion of free pericardial grafts. The graft in the picture on the left was placed 
in the subvalvar region and shows severe contracture, whereas that in the photograph on the 
right was placed across the pulmonary ring and did not contract with healing. 


Fig. 5.—Photograph of heart 6 months following insertion of pericardial graft in the 
outflow tract of the right ventricle. The graft is seen in profile at the top of the picture. Note 
pallor and scarring of the proximal portion of the right ventricle. 


Although the pericardium was never closed over the graft area, lung was 
found adherent to the graft at ‘‘second look’’ thoracotomy in each animal. 
It must be supposed that such adhesions offered some support and possibly 
blood supply to the graft. 

Unsupported and Reinforced Grafts—The group in which the graft 
was unsupported fared better than the group in which a second layer of 
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pericardium or fascia lata was added. Almost twice the number of unexpected 
deaths occurred in the latter group, principally attributable to increase 
incidence of infection. The incidence of fatal hemothorax was the same in 
both groups, and, since none of the grafts disrupted centrally or became 
aneurysmal, it appears that a supporting layer is not necessary. 


Pulmonary Insufficiency.—The position of the graft in relation to the 
pulmonary valve was significant in that severe contraction of the graft took 
place in all cases in which the graft was restricted to the ventricular wall, 
and was seen in only one instance when the graft extended across the pulmonary 
valve ring (Fig. 4). Inasmuch as the principal difference between these two 
groups was the presence of free pulmonary regurgitation, it seems likely 
that this factor helped to prevent contracture of the graft. In agreement 
with others who have produced experimental pulmonary insufficiency,” * we 
observed no incidence of right ventricular failure, and hypertrophy or dilatation 
of the right ventricle was unusual. 


Myocardial Thinning—An unexpected finding was sear formation and 
thinning of the ventricular wall proximal (inferior) to the graft in 11 of the 
30 animals (Fig. 5). In extreme cases this region was seen to bulge para- 
doxieally during systole, and clearly resembled a healed myocardial infarct. 
We presume that the division of a constant branch of the anterior descending 
branch of the left coronary artery was responsible. 


DISCUSSION 


In 1914, Tuffier and Carrel* described an experimental method for enlarg- 
ing the pulmonary orifice by a longitudinal incision made across the pulmonary 
valve ring under a venous homograft, sutured in place in much the same 
fashion as the pericardium used in our experiments. Since that time, 
similar procedures have been reported by Hufnagel,> who used homologous 
aortic and vena caval onlay grafts and also autogenous pericardium, and 
Temesvari,® who used autogenous skin. More recently Lepley, Hausmann, and 
Weisel’ have presented observations on pericardium placed in the subvalvar 
region of the right ventricle through a linear ventriculotomy. 

We found, however, in earlier experiments, that a linear cut in the 
ventricular wall quickly closed under such a graft, and that a substantial 
piece of myocardium (preferably 1.5 em. across) had to be removed to pre- 
vent this. Using the technique illustrated, circulatory arrest with hypo- 
thermia was found to give adequate conditions for the experiment. 


Choice of Pericardium as Graft Material—Pericardium has undergone ex- 
tensive trial as an intracardiac graft. It has been used as a valve substitute 
(Templeton and Gibbon*®) for the closure of atrial septal defects,® ventricular 
septal defects,’° and for the attempted control of mitral insufficiency.1‘ In 
none of these situations has it proved entirely satisfactory. 

Pericardium was chosen for the present study for several reasons. First, 
it represents a sheet of tissue composed largely of relatively inert and avascular 
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collagen, of high tensile strength and known ability to withstand an expanding 
force. Second, it has a smooth endothelial lining and, finally, it is readily 
available at the operative site. 

The use of fascia lata as a reinforcing graft was suggested by the work of 
Sako and Varco,’? who demonstrated its ability to prevent dilatation of autog- 
enous tubed pericardial grafts inserted into the thoracic aorta. 

The single most important fact established by the present study is that 
a free autogenous pericardial graft is able to survive and withstand repetitive 
stress in its new environment over a long period of time. The poor reputation 
of pericardium as graft material in the chambers of the heart may represent a 
misapplication of its properties rather than its complete unsuitability as tissue for 
transplantation into the heart. When grafted as a tense sheet and asked to 
withstand stretch it is more likely to succeed than when introduced as a 
rolled tube which is expected to maintain flexibility in the ventricular cavity. 

Although there was a high over-all mortality in this series, most of the 
difficulties were due to errors in technique which this study has uncovered 
and which can be avoided. There was a decline in the death rate over the 
time period of the experiment with no unexpected deaths occurring more 
than 60 days after operation. This suggests that there is no feature involved 
which progresses naturally to death. 

A number of hazards have been demonstrated by the study, the two 
most important being hemorrhage and infection. Removal of para-pericardial 
fat and meticulous suture of the graft are essential in safeguarding against 
death from bleeding. The thicker and more fibrous pericardium of the human 
is easier to manage and holds sutures more firmly; also the conditions afforded 
by cardiopulmonary bypass would make careful suture easier. 

The greater incidence of infection in aninials with reinforced grafts was 
disappointing, but all the evidence suggests that the supporting graft is 
unnecessary, and that, under experimental conditions, it detracts rather than 
adds to the safety of the procedure. 

The evidence regarding thrombus formation suggests that it formed on 
the raw exposed surface of cut myocardium and not on the pericardial graft 
itself. The incidence of this complication is therefore related to an un- 
. avoidable weakness in our experimental technique rather than to an inherent 
property of the pericardial graft. 

A theoretical objection to the use of pericardium as an intramural cardiac 
graft is the likelihood of dilatation and eventual ‘‘blow out.’’ That this did 
not happen within the time limits of these experiments, and that dilatation 
of the graft was seen in only 1 case, is encouraging. 

It was found that the position of the graft in relation to the pulmonary 
valve ring was important in that those placed across the valve did not con- 
tract with healing. This is a fortunate coincidence in that patients requiring 
enlarging procedures in clinical practice would need such a transvalvar graft. 
It is interesting to speculate that pulmonary insufficiency may be of some 
service by maintaining stretch at the graft site, thereby preventing contracture. 
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SUMMARY 


1. Observations on the effect of right ventricular outflow tract enlarge- 


ment have been made in 30 dogs over a period of up to 6 months. 


2. Pericardium inserted into this position serves as a satisfactory free graft. 
3. Reinforcement of a single layer graft is unnecessary. 
4. Grafts extending across the pulmonary valve resist contraction. 


5. The ineidence and significance of infection, leak, thrombus, and dilata- 


We wish to express our thanks to Dr. Herbert Abrams of the Department of Radiology 


and Dr. Norman Sissman of the Department of Pediatrics for their aid in the performance 
of the cineangiograms and cardiac catheterization; to Dr. Harold March of the Department 
of Cardiology for the high-speed photographic studies; and to Dr. Robert J. Kleinhenz 
of the Department of Pathology for his assistance in the interpretation of histologic material. 
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RECONSTRUCTION OF THE CARDIAC SEPTA AND RIGHT 
VENTRICULAR OUTFLOW TRACT WITH 
TEFLON PATCHES 


W. Sterling Edwards, M.D., Birmingham, Ala. 
With the technical assistance of Clarence Forrest, P. D. Martin, 
and Stephen Lovoy 


ITH the advent of reconstructive surgery in congenital heart disease, there 

has developed an increasing need for effective prosthetic substitutes for 
deficient substance in the auricular or ventricular septum and for the outflow 
tract of the right ventricle. Polyvinyl aleohol (Ivalon) sponge was one of the 
first materials suggested and extensively used.® 1° It has the advantage of ease 
of sterilization, pliability, ease of suture, and mild tissue reaction. However, 
certain disadvantages in its use have become apparent. It has a relatively low 
degree of tensile strength and there are recorded instances of sutures cutting 
through it with partial separation from intracardiac septal defects. Ivalon 
sponge has been abandoned as an arterial graft because of a high incidence of 
intraluminal thrombosis or suture line disruption.** A recent report’’ of heavy 
calcification of intravascular Ivalon which caused cutting of adjacent structures 
is disturbing. Bacterial endocarditis on Ivalon patches is an occasional serious 
problem—it led to death in one of our early eases of closure of a ventricular 
defect 6 months after operation. Infection will probably be an oceasional com- 
plication of any nonabsorbable synthetic substance used in the blood stream. 

In seeking a more effective substitute for replacing cardiac substance the 
following criteria were sought: (1) the most inert and durable synthetic ma- 
terial, (2) preparation of this material in a form with great resistance to fraying, 
(3) sufficient ‘‘body’’ in the cloth to simplify intracardiae suture, (4) sufficient 
porosity to minimize the likelihood of bacterial endocarditis (for septal defect 
patches), and (5) low porosity to eliminate hemorrhage in heparinized patients, 
since this prosthesis lies on the outer wall of the heart (for right ventricular 
outflow tract patches). 

These requirements have been met experimentally and clinically with Teflon 
patches fabricated with a special interlocking mesh that is extremely fray re- 
sistant and strong.* This fabric can be cut at the operating table, and sutures 


From The Department of Surgery, Medical College of Alabama, Birmingham, Ala. 
This work was supported by U. S. Public Health Grant H-1987C5 and a grant from the 
Alabama Heart Association. 
Received for publication April 25, 1960. 
*Teflon patches were developed in cooperation with Mr. Norman C. Jeckel, U. S. Catheter 
boa ee ae Corporation, Glens Falls, N. Y., and are available from C. R. Bard, Inc., 
umm J. 
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placed 1 mm. from the eut edge will hold securely. Teflon was chosen as the 
ideal fabric since the studies of Harrison,” * Girvin and Merendino* * ™ and 
others have already demonstrated that this material causes less tissue reaction 
than any other synthetic fiber, it shows less loss of tensile strength long after 
implantation, and, in the vascular system, it becomes lined more quickly and 
firmly with neo-intima than other fabries do. 

For closure of septal defects, a certain degree of stiffness or body is helpful 
in rapid suture. This has been achieved by using fairly coarse Teflon yarn of 
200 denier and by special manufacturing procedures. 


Fig. 1—A porous Teflon patch closing a large ostium primum auricular septal defect. 
Death occurred _on the fourth postoperative day from acute hemorrhagic gastritis of undeter- 
mined origin. The patch was clean with minimal fibrin covering. 


Harrison,* in studies of a similar interlocking Teflon mesh developed for 
use in abdominal wall fascial defects, found that porous weaves were much more 
resistant to infection than weaves of low porosity. Perhaps this is because phago- 
cytes and capillaries can more successfully combat infection between the fibers 
of a loosely woven material. For this reason, a high porosity mesh was chosen 
for intraecardiae patches, since blood loss through pores is not a troublesome 
problem in this situation. 

The moderate porosity of these intracardiac patches is obliterated within 
minutes after heparin neutralization, probably by fibrin deposition. This has 
been repeatedly demonstrated by a right ventricular platinum electrode. This: 
small wire, left in the heart postoperatively, can detect the smallest left-to-right 
shunt after a breath of hydrogen. In a great majority of cases, complete closure 
of all pre-existing shunts is found with the first determination made a few min- 
utes after chest closure. Any small residual shunt, thought to be due to small 
marginal defects between sutures, is usually gone by the following day. 
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Healing of the intracardiac surface of these Teflon patches resembles heal- 
ing of the lining of Teflon arterial grafts.2. Fibrin deposition occurs immediately 
postoperatively (Fig. 1). This thin layer organizes and becomes firmly attached 
in several weeks to a shiny hyalinized layer of neo-intima. The patches become 
firmly attached to the adjacent cardiae wall by fibrous tissue union. To test 
this, a number of patches were inserted in the auricular septum of dogs using 5-0 
chromic catgut sutures. Several months later, when the catgut sutures had lost 
all tensile strength, there was still a strong bond between the patch and its ad- 
jacent tissue. 


Fig. 2.—An experimental Teflon outflow tract patch in a dog heart in a defect created 2 weeks 
previously. 

Outflow tract patches are often required for widening the infundibular canal 
in patients with tetralogy of Fallot. Since this prosthesis lies on the outer wall 
of the heart, it must be made of sufficiently low porosity to avoid hemorrhage in 
heparinized patients. With recent improved manufacturing techniques it has 
become possible to reduce the porosity to any desired degree, and a Teflon patch 
of low porosity has proved effective (Fig. 2). 

Extensive animal experiments in the development of these patches have 
been followed by clinical use in 14 patients. They have proved eminently satis- 
factory and to date there have been no infections or separations of any patch. 


SUMMARY 


For closure of large auricular or ventricular septal defects, a porous Teflon 
patch has been developed. This material is extremely inert, holds sutures well, 
heals quickly, and, it is hoped, will be resistant to bacterial infection. 

For reconstruction of the outflow tract of the right ventricle, a similar 
Teflon patch, of low porosity in order to eliminate blood loss in heparinized pa- 
tients, has proved effective. 
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A NEW CANNULA FOR BYPASS OF LEFT VENTRICLE USING 
AUTOGENOUS LUNG OXYGENATION AND A 
CLOSED PUMPING SYSTEM 


Rudolph Muto, M.D., Raymond J. Walther, M.D., and 
Herbert S. Sise, M.D., Boston, Mass. 


bbe USE of the subject’s own lung as an oxygenator during total or partial 
cardiac bypass has always been considered an ideal and more physiologic 
approach to the problem of extracorporeal circulation. Since emphasis has been 
placed on the pump oxygenator, work on the autogenous lung has been rather 
limited. 

Successful experimental bypass has been reported by Wesolowski and 
Welch,” ? and Sewell and Glenn.* Cohen, Warden, and Lillehei* have also re- 
ported successful oxygenation of a dog at low perfusion rates by isolation of 
the dog’s cardiac lobe. Filipozzi, Santos, and D’Oliveira® used autogenous lung 
oxygenation in right heart bypass for operation of the pulmonic valves in human 
beings. Recently, autogenous lung and total cardiac bypass were performed by 
Blanco and co-workers® and Bailey and Zimmerman.’ The latter authors re- 
ported 28 clinical cases of aortic valvular surgery performed with autogenous 
lung total bypass. 

A suecessful autogenous lung bypass with a double pump was also described 
by Helmsworth and associates,* performing a venae cavae-to-pulmonary artery 
and a left atrium-to-femoral artery bypass. From the report of Blanco, Helms- 
worth, and others, the bypass of the right heart did not present any particular 
problem except in cases where only one lung or a single lobe was employed as an 
oxygenator. In these cases a high percentage of dogs died in pulmonary edema. 
In. bypassing the left side, difficulties were encountered in draining the left 
atrium. 

Blanco’s problems were mainly as follows: (1) inadequate left atrial drain- 
age (he was able to bypass no more than 30 to 50 ¢.c./Kg./min., and (2) air 
leakage into the line which necessitated use of an open reservoir rather than a 
closed system. 
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The technique used by Helmsworth seemed to be more adequate. In fact, 
he was able to bypass from 85 to 95 ¢.c. per kilogram per minute. However, he 
also had difficulties with the left atrial drainage and experienced a great varia- 
tion in flow. Satisfactory bypass could be performed only if hypervolemia had 
been produced. 

In our laboratory we were interested in studying the possibilities of pro- 
ducing a constant adequate drainage from the left atrium without disturbing 
the physiologic balance of the pulmonary and systemie circulations. 


Cannuta into Left Auricle 


into Femoral Artery 


Side Arm for Priming 


WOOLEY 
959 


Fig. 1.—System for bypass of the left heart. 


METHODS AND MATERIALS 


The pumping system used was composed of (1) 3 inch Tygon tubing, 
(2) a collapsible, closed silicone rubber collecting chamber of 150 ¢.c. capacity, 
and (3) a ventricle of 150 ¢.c. capacity made of silicone rubber, rhythmically 
compressed by air which is regulated by the Hufnagel box.* 

Details of this apparatus have been reported by Dickson, Hamer, and Dow.?® 
An illustration of the system slightly modified for left heart bypass appears 
below (Fig. 1). The pump was primed with 500 e¢.c. of freshly drawn blood. 
The calibration of the flow rate was made by recording the time necessary to 
empty 100 ¢.c. or 125 ¢.c. from the collecting chamber. For pressure recording 


*The apparatus is made by the Brunswick Mfg. Co., Quincy, Massachusetts. 
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we used the Sanborn Poly-Viso and P23D Statham pressure transducers. Pres- 
sures were taken from the pulmonary artery, ‘‘pulmonary capillary,’’ right 
atrium, left atrium, and left ventricle, according to the type of bypass performed. 

A total left ventricular bypass was considered to be achieved when (a) the 
left ventricular systolic pressure was lower than the aortic diastolic (under these 
circumstances no ejection of blood from ventricle to aorta could take place), 
(b) absence of ventricular pulse on the aortic tracing, and (ce) bypass volume 
of over 75 ¢.c. per kilogram per minute. 

Fig. 2 illustrates partial bypass because the ventricular systolic pressure 
is not distinetly lower than the aortic diastolic pressure and ventricular pulses 
are seen in the aortic tracing alternating with pump pulses. Fig. 3 illustrates 
a total bypass exhibiting ventricular systolic pressure lower than aortie pres- 
sure and no ventricular complexes in the aortic tracing. In Fig. 4, the effect 
of changing from total bypass is illustrated. 

The dogs studied were divided into two groups. 


Fig. 2.—Pressures in left ventricle (upper) and aorta (lower) during partial bypass 
showing ventricular ‘“pulsus alternans.” Both the pump pulse (P) and the ventricular pulse 
(V) are identified in the aortic tracing. 


Group I.—A left atrium-to-femoral artery bypass was performed on 3 dogs 
by. using a Warden-Lillehei cannula with gravity drainage. A flow rate of 30 
to 45 ¢.e./Kg./min. was obtained. In this group of dogs not more than 45 
c.c./Kg./min. could be bypassed and the flow rate was inconstant. Maximum 
drainage was obtained with cannulas of smaller sizes. Collapse of the left 
atrium occurred when drainage levels exceeded 45 ¢.c./Kg./min. and this diffi- 
culty occasionally resulted from flow values less than this. Collapse seemed to 
be produced by a combination of gravity drainage and competitive demand of 
blood by the left ventricle during diastole. In fact, the pressure tracings of 
the left atrium showed alternation of negative and positive waves. In our 
experience at no time was the left ventricle totally bypassed. The pattern of 
the arterial tracing showed ventricular pulses rather than complete pump output. 

From these preliminary observations as well as those of other authors, it 
seemed apparent to us that a partial or total occlusion of the left atrioventricular 
flow was necessary in order to obtain a satisfactory partial or total bypass of 
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the left ventricle. This in our experience could not be accomplished by a simple 
cannula. Also, a constant gradient between the left atrium and the extra- 
corporeal drainage is necessary. This avoids collapse of the left atrium and 
pulmonary veins. The pulmonary artery pressure and the left atrial pressures 
during such a bypass procedure should be within or close to normal limits dur- 
ing the perfusion. 

A satisfactory type of cannula (Fig. 5, A and B) which seemed to meet 
the described requirements was devised by one of us (R. M.) after several types 
were tried. The cannula consists,of a No. 0 up to No. 40 Warden-Lillehei 


Fig. 3.—Pressures in the left ventricle (above) and aorta (below) during a total bypass of 
the left ventricle. Only pump pulses are seen in the aortic tracing. 


200 


Fig. 4.—Pressures in the left ventricle and aorta during the shift from total to partial 
bypass of the left ventricle. At the spot identified by the arrows, the balloon in the catheter 
was deflated. Notice that there was a lag period of 6 seconds before ventricular systolic 


pressure began to rise. 


catheter with multiple openings at the distal end. At about 1 cm. from the tip, 
a rubber disk of variable diameter is attached. The perimeter of the disk is 
covered by a circular, inflatable rubber cuff.* The disk is collapsible when 
encased in specially designed cylindrical forceps and regains its original shape 
when the forceps are released. 

*Made by the Tillston Rubber Company, Needham, Massachusetts. 
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‘Group II.—To test the usefulness of this cannula in total and partial bypass 
of the left ventricle, procedures were carried out on 12 dogs. These were anes- 
thetized with 2 per cent intravenous Nembutal in doses of 1 to 1.5 ¢.c. per kilo- 
gram of body weight. The left ventricle was cannulated with a No. 8 Cournand 
catheter which was introduced via the right common carotid artery and the 
aortic arch with a No. 12 polyethylene tube for pressure recording. A No. 14 
to No. 20 Bardie cannula was placed in the femoral artery for pump perfusion. 
The pump was filled with freshly drawn blood and 100 ¢.c. of donor dog blood 
was given to check blood reaction. Left thoracotomy and opening of the auricu- 
lar appendage were performed in routine fashion. 


A 


as 


Catheter Inflating Tube 
Inflatable Cuff 


Fig. 5.—Ilustration of cannula and method of insertion into left atrium. 


Cannulation of the left atrium was performed by placing the cannula into 
the special forceps (Fig. 5, C) and introducing it into the atrium (Fig. 5, 
D, E). The forceps were then removed and a 1-0 silk tie was placed around 
the cannula. Special attention was given in placing the disk parallel to the 
mitral orifice. The cannula was connected to the pump line and a slow bypass 
was started with progressive increase up to a maximum bypass. The collecting 
chamber was always kept filled and flow calibration was frequently done. Hav- 
ing once established a satisfactory bypass, the rubber cuff was inflated with 
2 to 3 «ec. of saline. Before, during, and after bypass, there was continuous 
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of the pulmonary artery and the left atrial pressures. 
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monitoring of the left ventricular and aortic pressures and frequent monitoring 
A continuous electro- 


cardiogram was also recorded. Pressure data are presented in Table I. 


TABLE I. Group II. Luna Oxy@ENATION (ToTAL Bypass OF THE LEFT 
VENTRICLE) 


BEFORE BYPASS DURING BYPASS AFTER 
PERF. BYPASS 
PRESSURES PUMP | RATE PRESSURES 
PRESSURES (MM./Hg) (MM./Hg) FLOW | (¢.¢./ (MM./Hg) 
DOG | WEIGHT LEFT LEFT (G.c./ 
NO. | (KG.) | AORTA | VENT. | P.A. bis AORTA | VENT. | P.A. | L.A. | MIN.) | MIN.) AORTA 
1 23.2 165/125 150/0 130/100 100/0 1,800 77 
2 17.3 120/90 120/0 120/100 30/0 1,500 86 110/80 
3 23 130/70 130/10 110/80 100/0 2,000 86 
+ 16.3 140/100 130/0 32/2010 140/100 40/0 1,500 92 
5 28.6 200/150 180/0 35/20 8 200/160 40/0 22/14 6 2,400 84 
6 23.2 170/140 190/10 160/100 60/20 2,400 104 200/160 
7 18.2 140/100 130/0 135/100 35/0 2,000 110 130/60 
8 lee 110/70 110/10 30/20 130/120 70/10 1,500 84 160/100 
9 20.5 200/130 200/0 30/20 10 155/120 100/0 1,600 78 150/100 
1024.5 190/135 195/0 20/12 10 170/120 90/10 16/10 5 2,000 81 150/120 
11 20.5 200/140 200/0 30/14 9 200/160 140/10 28/20 10 1,800 87 
12 27.7 175/125 180/0 150/100 50/0 d 2,800 100 125/100 


In these animals, the total bypass was used to study certain functional 
characteristics of the heart, and survival was not attempted. However, most of 
these dogs were alive and well at the end of 1 to 4 hours of bypass despite the 
stress imposed on the heart by the various physiologic studies. Of the deaths 
that occurred during the experiments none was considered to be directly related 
to the bypass itself. Survival was attempted in the last three experiments. 
Two dogs were alive and well 2 weeks after the bypass. One dog died 36 hours 
later because of aspiration pneumonia. (The dog had been fed preoperatively 
and started vomiting about 1 hour after removal of the endotracheal tube.) 

In these dogs, a bypass of 77 to 110 ¢.e./Kg./min. was obtained and the 
systemic pressure was maintained at a rather constant level, usually above 140 
mm. Hg. <A sharp drop of the left ventricular pressures occurred and these 
were kept far below the systemic diastolic pressure (Fig. 3). In these cases the 
arterial tracings showed a pump ejection pattern and rate. The blood loss was 
replaced before the bypass was started and, if the systemic pressure had not 
been considered satisfactory, a transfusion of 50 to 150 ¢.c. of blood was given. 
Before bypass the presence of the cannula in the left atrium with the cuff not 
inflated produced at times mild ventricular irritability but did not produce any 
change of the left ventricular, aortic, left atrial, and pulmonary artery pres- 
sures. Inflation of the cuff similarly caused transitory arrhythmia. 

Partial bypass was performed with a constant flow rate of 50 to 75 e.c./ 
Kg./min. The systemic pressure was maintained at a rather steady level. Dur- 
ing the partial bypass, an alternating left ventricular pulsation was observed 
(ventricular pulsus alternans). The aortic tracing also showed a combination 
of ventricular and pump ejection pattern (Fig. 3). 

During the partial or total bypass, the pulmonary artery and the left atrial 
pressures were observed to be within normal limits (Tables I and II). Ina 
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limited number of animals, pH, CO, and O, studies were performed and shown 
to be within normal limits (see Table III). 


TABLE II. Group II. PartiaL Bypass or THE LEFT VENTRICLE 


PUMP PER- 
| WEIGHT | PUMP FLOW] (C¢.c./Kg./ (MM./Hg) 
NO. (KG.) (C.C./MIN. ) MIN.) AORTA | LEFT VENT. | _ P.A. L.A. 
1 23.2 1,200 175/150 160/10—130/10 
2 17.3 1,000 57 120/90 120/0 
3 23 1,500 65 130/80 130/10-100/10 
4 16.3 1,000 60 145/100 130/0 -110/0 
5 28.6 1,880 62 200/160 180/0 —150/0 
6 23.2 1,800 77 180/140 165/10-100/10 
f 18.2 1,200 65 165/100 160/0 -—100/0 
8 gE 1,000 55 135/100 130/10-100/10 40/25 
9 20.5 1,200 58 180/150 200/0 30/20 6 
10 24.5 1,400 57 200/160 200/10-180/10 18/10 
11 20.5 1,500 75 190/150 200/10-130/10 30/20 
12 27.7 2,200 79 150/110 160/0 -110/0 30/20 


TABLE IIT. Group II. CHEmiIcAL Data From ToTraL Bypass OF THE LEFT VENTRICLE 


BEFORE BYPASS AFTER BYPASS 
DOG co, 0, CONT. | 0, CAP. |0, SAT. CO, 0, CONT. | 0, CAP. | 0, “ 
NO. |(VOL. %)| (VOL. %)| (VOL. %)} (%) pH |(voL. %)| (vou. %)|(VOL.%)| (%) | pH 
8 40.2 18.4 19.8 95 = 7.35 36.7 17.6 18.3 98 7.36 
9 50.3 20.6 21.4 104 7.41 48.8 19.7 21.5 93 7.38 
10 40.9 22.0 24.2 93 7.38 22.7 23.6 98 7.34 
11 45.2 22.1 22.5 1007.37 42.5 22.3 22.0 100 (7.37 
27.8 20.2 22.1 93 31.0 21.6 22.1 7.34 


DISCUSSION 


Our investigation has been primarily concerned with the development of a 
more physiologic autogenous lung bypass. Limitation of the flow imposed by 
the collapsing left atrium when a simple arterial cannula was employed seemed 
the major drawback. 

The cbstruction, partial or total, of the left atrioventricular outflow pro- 
duced an optimum drainage with very little change in the pulmonary artery 
and the left atrial pressures. Bypass was performed at the rate of 77 to 110 
c.e:/Kg./min. At this rate the systemic pressure was kept almost at the pre- 
bypass level with variation in many cases of not more than 10 to 15 mm. Hg. 
The left ventricular pressure at this rate of bypass was always kept below aortic 
diastolic pressure. Determinations of pH, CO., and O. cn a limited number of 
animals were within normal limits during and after bypass. Plasma hemo- 
globin and platelet counts were not investigated because they were previously 
studied and reported by Dickson, Hamer, and Dow,’ using the same pumping 
svstem for veno-arterial perfusion. 

With a system as described above, permitting satisfactory partial and total 
bypass of the left ventricle, extensive surgery of the ascending aorta, aortic arch, 
and the descending aorta may be more safely undertaken as a result of the 
larger and more dependable perfusion. Bypass of the left ventricle may be used 
in conjunction with bypass of the right ventricle for surgical correction of 
certain intracardiac abnormalities. An open reservoir on the left side may be 
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needed if such a procedure were performed, however, the cannula here described 
may provide complete occlusion at the mitral orifice. We have not earried out 
any studies relating to this matter as yet. Constant adequate drainage of the 
left atrium is an important factor in stabilizing pulmonary vascular pressures, 
and when a bypass of the right and left heart is employed, pulmonary capillary 
and left atrial pressure should be easily maintained in the normal ranges. Our 
studies indicate that, if a right heart bypass were employed, use of the entire 
pulmonary vascular tree rather than a single lobe would accommodate much 


larger flows at lower pressures. 


SUMMARY 
Some physiologic aspects of the autogenous lung bypass have been studied. 
A special cannula has been devised which permits satisfactory drainage from 


the left atrium in dogs. 
A similarly designed cannula should be applicable for autogenous lung 


bypass in human beings. 


CONCLUSIONS 
Satisfactory bypass of the left ventricle, partial or total, can be obtained 
after partial or total obstruction of the left atrioventricular outflow. The de- 
seribed cannula seems to produce an adequate bypass without producing physio- 
logic imbalance of the circulation. 


We are indebted to Miss Yvette Mondou, R.N., and Miss Faye Baer for their technical 
assistance and to Miss Violet Peters for the preparation of the manuscript. We would 
also like to thank Mr. Dillon of the Tillston Rubber Company, Needham, Mass., for his 


kind cooperation. 
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THE LIMITATIONS OF PRESENT TECHNIQUES IN THE PRECISE 
DIAGNOSIS OF INTERATRIAL SEPTAL DEFECTS AND 
DESCRIPTION OF AN EXPERIMENTAL METHOD 

OF DEFECT VISUALIZATION 


Duncan A. Killen, M.D., Edward M. Lance, M.D., and 
Jesse E. Adams, M.D., Nashville, Tenn. 


es CORRECTION of congenital interatrial septal defects has enabled a 
group of patients, with a heretofore progressively debilitating disease, to 
enjoy lives unencumbered by the restrictions placed upon them because of ab- 
normal eardiae function.” * * 14 The feasibility of complete correction of inter- 
atrial septal defects has imposed upon the cardiologist the responsibility of 
carefully sereening his patients for evidence of the presence of this anomaly. 
A corollary to the making of a qualitative diagnosis of interatrial shunt is the 
desirability of providing accurate anatomic information to the cardiae surgeon. 
However, with the present diagnostic techniques (right heart catheterization 
and the routine methods of angiocardiography) accurate anatomic definition 
is generally impossible, and in some instances the presence of an interatrial 
septal defect has escaped detection; conversely when absent its presence has been 
falsely indicted.” * 1°14 These difficulties of diagnosis are magnified in patients 
with multiple cardiac anomalies. This report embodies an evaluation of the 
efficiency of the two ultimate diagnostic methods used to verify the clinical 
diagnosis of interatrial septal defect (namely, cardiac catheterization and angio- 
cardiography), plus the description of an experimental method of angiocardiog- 
raphy designed to permit the unequivocal demonstration of the existence of an 
interatrial septal defect and to provide a more detailed anatomie description 
of this lesion. 


I. CLINICAL MATERIAL 


The evaluation of the diagnostic efficiency of cardiae catheterization and 
angiocardiography in substantiating the clinical diagnosis of interatrial septal 
defect is based upon the analysis of the records of 52 patients discharged from 
the Vanderbilt University Medical Center with the final diagnosis of “interatrial 
septal defect.” In order for a patient to qualify for admission to this series he 
must have been subjected to either cardiac catheterization or angiocardiography. 
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Cardiac Catheterization —Of the 52 patients, 49 underwent cardiac cathe- 
terization. Unequivocal demonstration of an interatrial septal communication 
was accomplished in 18 (36.7 per cent) by virtue of the passage of the catheter 
directly from the right atrium into the left atrium. The magnitude of increase 
of the oxygen saturation percentage (6 per cent or greater) of right atrial blood 
over the mean caval oxygen saturation percentage in 28 of the remaining 31 
patients was such as to lead the cardiologist to render the diagnosis of “a left 
to right shunt at the atrial level thought to be due to an interatrial septal de- 
fect.’’ Actually the blood oxygen saturation step-up from venae cavae to right 
atrium was between 5 and 10 per cent in eight instances so that in only 20 of 
the 31 patients was there an unquestioned increase of blood oxygen saturation 
in the right atrium. In some instances dye dispersion curves obtained from 
right atrial or peripheral arterial blood after pulmonary arterial or right atrial 
instillation of dye confirmed the impression of an interatrial shunt.® 7° The 
abnormally early appearance of nitrous oxide in right atrial blood following 
inhalation of a nitrous oxide and oxygen mixture provided further substantiat- 
ing data in other instances.* 1* The interatrial septal defect could not be dem- 
onstrated by any of the above means in 3 patients. 

In no instance could the findings at cardiae catheterization aid in the pre- 
cise objective description of the pathologie anatomy of the suspected interatrial 
septal defect. However, the magnitude of the interatrial shunt and the atrial 
pressure measurements permitted some conclusions as regard to size and the 
relation of the defect to the tricuspid valve. 


Angiocardiography.—Eleven of this group of 52 patients were subjected 
to angiocardiography. Six angiocardiograms were performed using the “selec- 
tive’’ technique of intra-atrial delivery of the contrast medium, while five were 
obtained by means of peripheral venous injection techniques. 

Analysis of the roentgenograms was based upon the following accepted 
eriteria for angiocardiographiec diagnosis of interatrial septal defects: (1) de- 
fect visualization, (2) consecutive opacification of the injected and noninjected 
atria, and (3) prolonged right heart opacification.” 12-15 17 The first two cri- 
teria are considered unequivocally diagnostic of an interatrial septal defect 
while the third is only suggestive. Abnormally rapid dilution of contrast ma- 
terial in the right atrium, reported by others to be suggestive evidence of the 
presence of an interatrial septal defect, could not be detected in this group of 
angiocardiograms. 

Six angiocardiograms produced unequivocal evidence of an interatrial sep- 
tal defect (Table I). In 2 of these patients there was an associated pulmonic 
stenosis and severe elevation of the right ventricular pressure (1 patient had a 
proved right-to-left interatrial shunt). In 2 other patients the injection of 
contrast material was directly into the left atrium. Visualization of the inter- 
atrial septal defect with associated information as to its magnitude and location 
was obtained only once in this series of angiocardiograms. 

General Considerations.—In this small series, cardiac catheterization studies 
were productive of an unequivocal qualitative diagnosis of interatrial septal 
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TABLE I. ANGIOCARDIOGRAPHIC DEMONSTRATION OF INTERATRIAL SEPTAL DEFECTS 


CONSECUTIVE PROLONGED 
SITE OF DEFECT OPACIFICATION | RIGHT HEART 
PATIENT* INJECTION+ | VISUALIZATION | OF THE ATRIA | OPACIFICATION | INTERPRETATION 
JS RA No No No Inconclusive 
NW IV No No No Inconclusive 
JB IV No No No Inconclusive 
CM RA No No No Inconclusive 
RK LA No Yes No Diagnostic 
KH LA No ~ Yes Yes Diagnostic 
DM IV No No No Inconclusive 
FQ IV No Yes Yes Diagnostic 
MS IV No Yes No Diagnostic 
MB RA Yes Yes Yes Diagnostic 
JM RA No Yes Yes Diagnostic 


*The presence of an IASD was verified in 9 of these 11 patients by left atrial (via 
IASD) catheterization, at cardiotomy, or at necropsy examination. 


¢IV = intravenous; RA = right atrium; LA = left atrium. 


defect in 18 (36.7 per cent) of those patients examined by this method. Angio- 
eardiography results were unequivocally diagnostic of an interatrial septal 
defect in 6 (54.5 per cent) of those patients subjected to this procedure. The 
combined diagnostic efficiency of both procedures can be ascertained from 
Table II. It is thus apparent that, in this group of 52 preoperative patients, 
the cardiologist could give the surgeon an unquestioned qualitative diagnosis 
of interatrial septal defect in only a minority of instances. Other authors have 
commented upon the uncertainties present in the preoperative diagnosis of this 
lesion.” 1° 


TABLE II. ESTABLISHMENT BY CARDIAC CATHETERIZATION OR ANGIOCARDIOGRAPHY OF THE 
DIAGNOSIS OF INTERATRIAL SEPTAL DEFECT IN 52 PATIENTS* 


DIAGNOSTIC FEATURE | PATIENTS | DIAGNOSIS 
Left atrial catherizationt 18 
Defect visualization (40.4%) Unequivocal 
Consecutive opacification of atria 6 
Significant atrial O, step-upt 32 
Right atrial appearance of tagged blood§ (53.8%) Probable! 
Prolonged right atrial opacification 4 


None of above diagnostic features 3 (5.8%) Equivocal 


*IASD verified at cardiotomy or necropsy in 17 instances. 
¢From right atrium via IASD. 
tIncrease over caval blood of at least 10 per cent saturation. 


§Shunt demonstrated by sampling blood temporarily tagged with inhaled N2O or injected 
colorometric dye. 


||Diagnostic only of left-to-right shunt at atrial level (exclusive of patients with an 
unequivocal diagnostic feature). 


Twenty-eight patients had the clinical diagnosis of interatrial septal defect 
supported by only the presumptive cardiac catheterization or angiocardiographie 
evidence of (1) increased oxygen saturation of right atrial blood, (2) abnormal 
appearance of nitrous oxide or indicator dye in right atrial blood or, (3) pro- 
longed right heart opacification by contrast medium. These observations are 
termed “presumptive” as they may be consistent with conditions other than 
interatrial septal defect, namely: aortico-right atrial fistula, defect between left 
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atrium and coronary sinus, coronary artery-right atrial fistula, coronary artery- 
coronary sinus fistula, interventricular septal defect with an incompetent 
tricuspid valve, and right atrial drainage of an anomalous pulmonary 
vein.» * % 8 19, 20,22 Tn facet, observation of these presumptive signs have in the 
past been the basis for a false diagnosis of interatrial septal defect, and in some 
instances have led to the employment of an operative procedure of such re- 
stricted applicability as to prevent optimal surgical management of these com- 
plex and unusual abnormalities when unexpectedly discovered at thoracotomy.** 

Not included in the above series of 52 patients are 2 other patients seen at 
the Vanderbilt University Medical Center in whom the preoperative diagnosis 
of interatrial septal defect was made on the basis of the cardiac catheterization 
findings. In 1 of these patients the catheterization studies were repeated later 
because the evolution of the clinical picture did not suggest the presence of an 
interatrial septal defect. Data obtained at repeat catheterization suggested that 
a patent ductus arteriosus and no interatrial septal defect was present. At 
thoracotomy a patent ductus arteriosus only was found. In the second patient, 
repair of the anticipated interatrial septal defect using hypothermia and cardiac 
inflow stasis was undertaken. At cardiotomy a high interventricular septal 
defect associated with an incompetent tricuspid valve was encountered. The 
heart could not be revived following attempted repair of the defects. No inter- 
atrial septal defect was found at necropsy.* 

The above clinical data serve as a background to the following description 
of an experimental angiocardiographie method designed to permit a more cer- 
tain demonstration of the presence of an interatrial septal defect. 


Il, EXPERIMENTAL EVALUATION OF IMPEDANCE ATRIOGRAPHY 


It is known that selective right heart angiocardiography will more fre- 
quently provide radiologic demonstration of an interatrial septal defect in those 
situations in which a right-to-left interatrial shunt exists, for under such cir- 
cumstances the bolus of contrast medium is more readily swept through the 
septal defect into the left atrium.’* Unfortunately these optimal conditions 
occur in a small minority of patients and usually are the result of associated 
cardiae anomalies (tricuspid atresia, pulmonie stenosis, ete.) or acquired heart 
disease (increased pulmonary vascular resistance) .” !* 

Appreciation of these observations has led to attempts to induce artificial 
right atrial hypertension (with respect to the left atrium) during the critical pe- 
riod of contrast medium delivery in selective right heart angiocardiography. 
Some of the maneuvers designed by others for this purpose are the rapid high- 
pressure injection of liquid or gaseous contrast material into the right atrium, the 
injection of contrast material into the right atrium during a period of increased 
pulmonary resistance effected by means of passive hyperinflation of the lungs, 
or injection of contrast material into the right atrium during transient cardio- 
plegia.® ** ** *° Each of these measures exhibit diagnostic limitations or in- 
herent dangers that have prevented their general clinical application. 


*This case reported previously by Stahlman and associates.” 
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Occlusion of the pulmonary outflow tract appeared to be a more effective 
and, possibly, less hazardous means of increasing right atrial pressure during 
right heart angiocardiography than the other methods deseribed. Considera- 
tion of balloon tamponade of the main pulmonary artery as a means of effect- 
ing right atrial hypertension is predicated upon two factors: (1) intubation 
of the pulmonary artery is readily performed during routine right heart 
catheterization procedures, and (2) balloon occlusion of the pulmonary ar- 
teries is clinically feasible.«| An analysis of catheterization data from the 
present series of patients reveals that pulmonary artery intubation was 
achieved in 40 (86 per cent) of the 49 patients subjected to cardiae catheteri- 
zation. Three of the nine failures were in patients exhibiting pulmonie steno- 
sis as an associated cardiac anomaly and a fourth failure was in a patient 
thought to have a single ventricle which hampered manipulation of the 
catheter tip. 

Thus an evaluation of the effectiveness of balloon tamponade of the main 
pulmonary artery as a means of increasing the diagnostic potential of selee- 
tive right heart angiocardiography in demonstrating the presence of inter- 
atrial septal defects previously created in adult dogs seemed reasonable. 


METHOD 


Unselected healthy adult mongrel dogs, weighing 9.5 to 15.0 kilograms, were 
subjected to creation of an interatrial septal defect. The animals were anes- 
thetized by intravenous administration of veterinary Nembutal (30 mg. per 
kilogram), connected to a mechanical positive pressure respirator by means of 
an endotracheal tube, and explored through bilateral sternum-preserving tho- 
racotomy incisions in the fourth interspace. Both atrial appendages were 
isolated and purse-string sutures were placed at their bases. A Satinsky 
clamp was then positioned on the left atrial appendage, the tip excised, and a 
gloved finger passed through the appendage into the left atrium. A common 
cork borer, 6 mm. or 8 mm. in diameter, was similarly introduced into the 
right atrium through the right atrial appendage. The exploring finger in the 
left atrium permitted accurate and deliberate septal apposition of the cork 
borer. This finger was also used as the counterforce against which the cork 
borer, employed as a ecardiotome, could be applied. Upon completion of the 
septectomy the cutting end of the cork borer was delivered through the left 
atrial appendage and the septal plug extracted under direct vision. Arterial 
embolization of the septal plug was prevented by the maneuver of keeping 
the cutting end of the cork borer occluded by the left atrial finger once the 
interatrial septum had been traversed. The cork borer was withdrawn via 
the right atrial appendage and both purse-string sutures were secured (Fig. 
1). Both acute and chronic preparations were obtained using the procedure 
just described. 

The next phase was that of catheter intubation of the right atrium (in 
some instances the catheter tip was positioned in the superior vena cava just 
cephalad to its atrial connection) and pulmonary artery in preparation for 
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angiocardiography. The right atrial catheter was a standard No, 7 Cournand 
eardiae catheter. The pulmonary artery catheter employed was essentially 
the same catheter modified to carry an inflatable balloon of 30 ¢.c. capacity 
at its tip. In the preparation of the animals for impedance atriography, advan- 
tage was taken of the thoracotomy in the “acute animal” group by placing the 
pulmonary artery catheter in position through a stab wound of the right ven- 
tricular wall. In the chronie or. closed-chest preparations, the pulmonary 
artery catheter was introduced into the jugular vein and manipulated into the 
pulmonary artery with the aid of the fluoroscope. In all animals the right 
atrial catheter was threaded through the external jugular vein. 


Fig. 1.—Method utilized for the creation of interatrial septal defects. A, After the cork 
borer has been introduced into the right atrium and the index finger has been positioned in 
the left atrium, they are brought into apposition across the interatrial septum. The cork 
borer engages and excises septal tissue with to-and-fro circular motions of its handle. B, 
The cork borer is advanced into the left atrium while the finger tip is held snugly against 
the cutting edge. OC, The borer tip is advanced through the left atrial appendage and the 
excised plug removed by forceps. D, The cork borer is withdrawn from the right atrium as the 
purse-string sutures are tied. 

Angiocardiograms were made with the animal in the left anterior oblique 
position, using the Schonander apparatus (AOT-13)* or a single exposure tech- 
nique with a Picker mobile x-ray unit. 

After the test animal had been properly positioned, the following steps 
were integrated with exposure of the x-ray films: (1) inflation of the pulmo- 
nary artery occluding balloon with 10 ¢.c. of room air, (2) rapid manual injec- 
tion of contrast material into the right atrium after a prearranged period of 


pulmonary artery occlusion varying from 0 to 10 see. had been effected, (3) 


*One film per second in a single plane for 6 to 8 seconds. 


by, 
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maintenance of pulmonary artery occlusion for the duration of x-ray exposure, 
and (4) release of pulmonary artery tamponade immediately following com- 
pletion of x-ray exposure (the total pulmonary artery occlusion time did not 
exceed 5 to 15 sece.). Transient pulmonary artery occlusion by a ligature 
placed loosely around the pulmonary artery, rather than by balloon catheter 
tamponade, was employed as a variation by the above technique in a single 
instance. 

A control series of angiocardiograms was similarly obtained in each animal 
without the aid of pulmonary artery tamponade. 

The contrast material used was either 5 ¢.c. of Urokon 70 per cent (sodium — 
acetrizoate) or 10 ¢.c. of Hypaque 50 per cent (sodium diatrizoate). 

All animals were subjected to necropsy review in order to correlate radio- 
graphic interpretation with anatomic fact. 

Evaluation of the effect of pulmonary artery occlusion upon right atrial 
pressure and systemic arterial blood pressure and assessment of the tolerance to 
prolonged pulmonary artery tamponade were performed in certain normal ani- 
mals (without an interatrial septal defect). 


Results——Ten animals were subjected to creation of an interatrial septal 
defect by the method described. There was one operative death which was 
the result of hemorrhage caused by a tear of the atrial wall. 

Chronic survivors were observed for a period of 7 to 8 months prior to 
performance of angiocardiography. Impedance atriography in these animals 
did not confirm the persistence of an interatrial septal defect, an impression 
substantiated by the necropsy finding of cicatricial obliteration of the defect 
in each animal. 

The following evaluation of this method of angiography is based upon 
the control (the standard selective angiocardiographie procedure) and test 
angiocardiograms obtained in the 5 animals of the ‘‘aecute’’ group. Reprodue- 
tions of control and test angiocardiograms obtained in these 5 animals as well 
as explanatory diagrams are contained in Figs. 2-6. The radiographie inter- 
pretation of control and test angiocardiograms with other salient facts are 
included in Table III. In no instance was the presence of the interatrial septal 
defect demonstrated by the control series of roentgenograms. Impedance atri- 
ography produced angiocardiograms diagnostic of interatrial septal defect in 
each animal and in three instances there was visualization of the contrast bolus 
as it traversed the defect. 

There was no gross untoward reaction to the procedure of temporary 
artery tamponade. The effects of complete occlusion of the pulmonary artery 
on undampened right atrial pressure, mean right atrial pressure, and systemic 
arterial pressure are shown in Figs. 7 and 8. It is to be noted that with pulmo- 
nary artery occlusion there is an immediate elevation of right atrial pressure 
to levels higher than the normal left atrial pressure. In normal animals (ani- 
mals without an interatrial septal defect) studies revealed that complete ocelu- 
sion of the pulmonary artery for periods up to 30 seconds could be tolerated 
with no changes other than temporary circulatory depression. 


ag 
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Fig. 2.—Control and test angiocardiograms obtained in animal No. 716 utilizing 10 c.c. 
of 50 per cent Hypaque for each injection. On the left is the control angiocardiogram (with- 
out pulmonary artery occlusion). There is opacification -of the superior vena cava, right 
heart, and pulmonary arteries without opacification of the left atrium. In the center is the 
angiocardiogram obtained during tamponade (by tourniquet in this instance) of the main 
pulmonary artery. Note lack of opacification of the pulmonary vessels and the simultaneous 
opacification of the venae cavae, right heart, left heart, and thoracic aorta. On the right is 
the artist’s representation of the opacification present in the test angiocardiogram. 


Fig. 3.—Control and test angiocardiograms obtained in animal No. 738 utilizing 10 c.c. 
of 50 per cent Hypaque for each injection. On the left is the control angiocardiogram (with- 
out pulmonary artery occlusion). There is opacification of the superior vena cava, azygous 
vein, right heart, and pulmonary arteries without opacification of the left atrium. In the 
center is the angiocardiogram obtained during balloon tamponade of the main pulmonary 
artery. Note lack of opacification of the pulmonary vessels and the simultaneous opacification 
of the venae cavae, azygous vein, right heart, and the left atrium. On the right is the 
artist’s representation of the opacification present in the test angiocardiogram, 
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Fig. 4.—Control and test angiocardiograms obtained in animal No. 764 utilizing 10 c.c. of 
50 per cent Hypaque for each injection. A, Control roentgenograms (without pulmonary 
artery occlusion) taken 1, 2, and 5 seconds after injection of the contrast medium. Note pas- 
sage of the contrast bolus through the vena cava, right heart, and pulmonary arteries without 
evidence of left atrial opacification. B, Test roentgenograms (with pulmonary artery occlu- 
sion) taken 1, 2, and 5 seconds after injection of the contrast medium. There is lack of 
pulmonary artery opacification and sequential opacification of the venae cavae, right heart, left 
atrium, left ventricle, and thoracic aorta. There is reflux of opaque medium from the left 
atrium into pulmonary veins in the 2- and 5-second exposures. A column of opaque medium is 
visualized passing through the interatrial s®ptal defect in the one-second exposure. C, Artist's 
representation of the opacification present in B. 
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Fig. 5.—Control and test angiocardiograms obtained in animal No. 818 utilizing 5 c.c. 
of 70 per cent Urokon for each injection. A, Control roentgenograms (without pulmonary 
artery occlusion) taken 1, 2, and 5 seconds following injection of the contrast medium. Note 
the passage of the contrast bolus through the right heart into the pulmonary arteries without 
evidence of left atrial opacification. B, Test roentgenograms (with pulmonary artery occlu- 
sion) taken 1, 2, and 5 seconds after injection of the contrast medium. There is lack of 
pulmonary artery opacification and sequential opacification of the venae cavae, right heart, left 
heart, and thoracic aorta. A column of contrast medium is seen traversing the interatrial 
septal defect on close inspection of the 1- and 2-second exposures. Note reflux opacification 
of a pulmonary vein in the 2-second exposure. OC, Artist’s representation of the opacification 
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Fig. 6.—Control and test angiocardiograms obtained in animal No. 838 utilizing 5 cc. 
of 70 per cent Urokon for each injection. A, Control roentgenograms (without pulmonary 
artery occlusion) taken 1, 2, and 3 seconds after injection of the contrast medium. There is 
passage of the contrast bolus from the vena cava and right atrium, via the right ventricle, 
into the pulmonary arteries without evidence of opacification of the left atrium. 8B, Test 
roentgenograms (with balloon tamponade of the pulmonary artery) taken 1, 2, and 3 seconds 
following injection of the contrast medium. There is lack of pulmonary artery opacification 
except for a branch of the left pulmonary artery in_the 3-second exposure where a small 
amount of contrast medium passed beyond the inflated balloon. There is sequential passage 
of the contrast bolus from the venae cavae and right heart into the left atrium. Note reflux 
opacification of the inferior vena cava, hepatic veins, and coronary sinus. A column of opaque 
medium is seen traversing the interatrial septal defect in the 1- and 2-second exposures. 
C, Artist’s representation of the opacification present in B. 
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Fig. 7.—The effect of 13 seconds of pulmonary artery balloon tamponade on _ systemic 
arterial pressure and right atrial pressure. There is a marked rise of right atrial systolic 
pressure within the first second of occlusion. There is a gradual fall of systemic arterial 
pressure from 135/115 to 75/55 mm. Hg during the period of tamponade. Rapid return of 
arterial and atrial pressures to normal values follow release of the occlusion. 

Fig. 8.—The effect of 12 seconds of pulmonary artery balloon tamponade on systemic 
arterial pressure and mean right atrial pressure. There is an abrupt rise of right atrial 
mean pressure and a gradual fall of systemic arterial pressure following occlusion of the 
pulmonary artery. The arterial pressure fell from 140/125 to 80/60 mm. Hg; whereas, the 
mean atrial pressure rose from 16 to 22 mm. Hg during the period of occlusion. There was 
prompt reversion of arterial and atrial pressures to normal values following release of the 


tamponade. 
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Fig. 9.—A, Autopsy specimen (animal No. 
defect produced by a 6 mm. diameter cork borer. B, 
which demonstrates the interatrial septal defect produced by a 6 mm. 
C, Autopsy specimen (animal No. i 


764) which demonstrates the interatrial septal 
Autopsy specimen (animal No. 818 
diameter cork borer. 


838) which demonstrates | interatrial septal defect pro- 
duced by an 8 mm. diameter cork borer. 
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SIZE OF INFLATION 

IASD TIME* SITE OF X-RAY IASD DEMONSTRATED 

ANIMAL ( MM.) (SEC. ) INJECTION TECHNIQUE CONTROL | TESTt 
716 6 ‘sf SVC Single No Yes 
738 6 5 SVC Single No Yes 
764 6 10 RA Multiple No Yes§ 
818 6 0 RA Multiple No Yes§ 
838 8 0 RA Multiple No Yes§ 


*Interval between inflation of pulmonary artery balloon and 


injection of contrast medium. 


+Without pulmonary artery tamponade. 
tWith pulmonary artery tamponade. 
§There was visualization of the IASD. 


As previously stated, necropsy examination in the ‘‘chronic’’ group of 
animals revealed healed (closed) septal defects. Seven to 9 mm. clean punched- 
out defects were present in the ‘‘acute animal’’ preparations (Fig. 9). Some 
animals exhibited small areas of petechiae of the endocardial surface of the 
pulmonary outflow tract and the intima of the main pulmonary artery. No 
mural thrombus or intimal tear was present at autopsy. 


SUMMARY AND CONCLUSIONS 


In clinical situations the presence of a suspected interatrial septal defect 
is usually verified by standard cardiac catheterization or angiocardiography. 
However, in certain instances the presence of an interatrial septal defect cannot 
be absolutely established by these diagnostic maneuvers while in other instances 
the data obtained by these tests are such as to suggest falsely an interatrial 
septal defect in its absence. Only rarely are there findings which permit con- 
clusions that relate to the anatomic features of interatrial septal defects, such 
as the number, size, and location. 

The routine method of ‘‘selective’’ right heart angiocardiography per- 
formed in the present study did not permit even detection of the small experi- 
mentally produced interatrial septal defect. On the contrary, in each instance 
the combination of transient right heart tamponade and ‘‘selective’’ injection 
of contrast medium into the right atrium (impedance atriography) routinely 
verified the presence of an interatrial septal defect. In 3 (60 per cent) in- 
stances the defect itself was visualized by this method. 

Impedance atriography seems to be well tolerated by experimental animals. 
The fact that there is immediate elevation of right atrial pressure and the pro- 
duction of a right-to-left transseptal shunt upon balloon occlusion of the pul- 
monary artery permits this technique of angiocardiography to be performed 
with a period of only 5 seconds of right heart tamponade. 

The elinical applicability of this angiocardiographiec technique seems 
highly possible. Catheterization of the pulmonary artery with balloon cathe- 
ters and temporary occlusion of pulmonary arteries, performed for diagnostic 
purposes and without undue associated risk, have been reported by others. 
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However, the dangers of even transient occlusion of the right heart outflow in a 
patient who has an abnormally high right heart output must not be minimized. 
On the other hand, perhaps only partial obstruction of the pulmonary outflow 
tract by an incompletely inflated balloon in such a patient would suffice to 
raise temporarily the right atrial pressure enough to produce a right-to-left 
transseptal shunting of the injected contrast material. The increase of right 
atrial pressure with resultant retrograde opacification of the inferior vena cava, 
hepatic veins, azygous veins, and coronary sinus obtained in some animals leads 
us to believe that this method provides an effective means of delineating the 
anomalous pulmonary veins that frequently accompany an interatrial septal 
defect. 

It seems likely that useful information as to the anatomie characteristics 
of an interatrial septal defect would result from clinical application of im- 
pedance atriography. 
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SUBAORTIC STENOSIS PRODUCED BY AN ABNORMALLY 
PLACED ANTERIOR MITRAL LEAFLET 


V. O. Bjork, M.D., G. Hultquist, M.D., and H. Lodin, M.D., 
Uppsala, Sweden 


HE usual form of subaortie stenosis is constituted by a localized zone of 
‘ace in the outflow tract of the left ventricle. The stenosis is character- 
ized by the presence of a ring of muscular and fibrous tissue immediately below 
the aortic valve, usually 10 to 15 mm. below the aortie cusps. It probably rep- 
resents the incomplete evolution of the bulbus cordis. The narrowing in the 
outflow tract is often accentuated by the prominence of the very hypertrophied 
ventricular septum where the collar of fibrous tissue is attached. This fibrous 
ring is also in part attached to the anterior leaflet of the mitral valve. Sub- 
aortic stenosis may be preoperatively diagnosed and distinguished from a val- 
vular aortie stenosis by selective left ventricular angiocardiography.' 

The aim of this paper is to report 2 cases of a more uncommon subaortic 
stenosis, produced by an abnormal insertion of the base of the anterior mitral 
leaflet. 


CASE REPORTS 


CasE 1.—A 81-year-old woman had, since childhood, complained of fatigue. During 
the previous 10 years she had encountered increasing dyspnea, the last 3 years with episodes 
of syncope and angina pectoris. A harsh systolic murmur was heard over the heart and out 
into the left axilla. The heart volume was 670 ml. per square meter with enlargement of the 
left ventricle and atrium. The electrocardiogram showed left ventricular hypertrophy. Right 
heart catheterization showed a mean pulmonary capillary pressure of 13 mm. Hg at rest 
and 20 mm. Hg during exercise. The corresponding systolic pressures in the pulmonary 
artery were 22 and 38 mm. Hg. Left ventricular pressure was 200/25 mm. Hg with a pres- 
sure gradient of 100 mm. Hg over the aortic ostium. Fig. 1 presents the results of left 
ventricular angiocardiography. 

At operation through an aortotomy under extracorporeal circulation, a semilunar mem- 
brane was found 3 to 3.5 em. below the normal aortic cusps. This membrane caused outflow 
obstruction and was incised. After closure of the aortotomy, the left atrial pressure rose 
to 80 mm. Hg and it was obvious that the mitral insufficiency that existed before the opera- 
tion and was demonstrated at the left ventricular angiocardiography had increased. The 
patient was again connected to the heart-lung machine and the left atrium opened. The 
anterior mitral leaflet was found injured and was repaired. The pressure gradient over 
the aortic orifice still remained high, 70 mm. Hg, and the patient died. 
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Autopsy demonstrated marked left ventricular hypertrophy, especially of the interven- 
tricular septum. The sutures in the mitral leaflet had cut through. The anterior mitral 
leaflet had an abnormal position causing outflow obstruction (Fig. 2). 

Because of the enormous thickness of the septum, the possibility of rhabdomyoma was 
considered. Microscopically there was a pronounced enlargement of the muscle fibers with 
large hyperchromatic and polymorph nuclei and, in many places, a considerable fibrosis. 
No signs of rhabdomyomatous structures, however, were observed. 


Fig. 2.—Photograph of the specimen from the left ventricle. The suture line at the 
base of the anterior mitral leaflet was split. The medial portion of the anterior mitral leaflet 
from below the right coronary artery had been excised. 


CASE 2.—A 14-year-old boy complained of fatigue, dyspnea, and pain in the chest at 
exercise. His older brother had died suddenly at the age of 17 with a very hypertrophied 
left ventricle. The heart had a volume of 490 ml. per square meter with enlargement of 
the left ventricle. The left atrium was not obviously enlarged. The electrocardiogram 
showed signs of left ventricular hypertrophy. Right heart catheterization showed normal 
pressures. Left ventricular pressure measurement demonstrated a gradient of 53 mm. Hg over 
the aortic orifice. Fig. 3 presents results of a left ventricular angiocardiography. 

According to the experience from our first case, our roentgen diagnosis was subaortic 
stenosis caused by an abnormally inserted anterior mitral leaflet and a slight mitral incompe- 
tence. 

At operation, under extracorporeal circulation with acetylcholine arrest and local hypo- 
thermia of the heart by packing with ice, the aorta was opened. The aortic cusps were 
normal. No mitral stenosis was found. The anterior mitral leaflet was found to obstruct 
the left outflow tract. A channel was then created in the hypertrophied interventricular 
septum by removal of muscular tissue piece by piece. The heart was excluded from cir- 
culation for 45 minutes at a local temperature of 28° to 29° C. and the total perfusion 
time was 77 minutes. The patient recovered. Bundle branch block was not produced. 


DISCUSSION 


Morrow and Braunwald? had described 2 similar cases of functional aortic 
stenosis without giving any explanation of a pressure gradient of 74 and 50 mm. 
Hg, respectively. At operation, no subaortic stricture was encountered. 

Bereu and associates* reported a patient with a systolic pressure gradient 
of 130 mm. Hg without anatomic obstruction at open operation or at autopsy. 
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Cleland’ has operated with success on a man of 42 years of age in whom 
an enormously hypertrophic septum was obstructing the left ventricular out- 
flow tract; small portions of this were excised. Left bundle branch block was 
produced by the maneuver and it is possible that this helped in the suecessful 
outcome by interfering with muscle contraction in the outflow tract. 

Brock® has described secondary obstruction due to a grossly hypertrophied 
left ventricular outflow tract in cases of aortic stenosis and systemic arterial 
hypertension. 

This very rare condition of subvalvular aortic obstruction was combined 
with a mitral insufficiency in both eases described by Morrow and in both our 


Fig. 4A.—Diagram showing the normal insertion of the mitral (M) leaflet behind the posterior 
aortic cusp (P). 


Fig. 4B.—Diagram of a normal insertion viewed from the left ventricle after an incision 
through” ‘the left outflow tract which demonstrates the insertion of the mitral leaflet (M) 
behind the posterior aortic cusp (P). 
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eases. The abnormal position of the anterior mitral leaflet with insertion below 
the right aortic cusp instead of normally—below the posterior aortic eusp—will, 
during systole, result in an outflow obstruction by the stretched mitral leaflet 
(Figs. 4 and 5). The systolic pressure on the anterior mitral leaflet will further- 
more draw the interventricular septum farther to the left which will inerease the 
obstruction of the outflow tract (Fig. 1, A). 


Fig. 54.—Looking down from the root of the aorta in a case in which the anterior mitral 


leaflet (M) is inserted behind the right coronary cusp at the level of the right coronary artery. 
During systole this mitral leaflet would practically obstruct the left ventricular outflow tract. 


L 


Fig. 5B.—The same case with abnormal insertion of the mitral leaflet (M) behind the 
right coronary cusp (R) causing left outflow obstruction during systole. Compare this abnor- 
mal finding in Figs. 54 and 5B with the normal insertion of the anterior mitral leaflet in 


Figs. 4A and 4B 


| 
: 


BJORK, HULTQUIST, LODIN J. Thoracic and 


Cardiovas. Surg. 


668 


A thorough knowledge of this subaortie stenosis caused by an abnormally 
located anterior mitral leaflet is most important; (1) because this leaflet must 
not be injured, and (2) the only treatment so far available is to excise a por- 
tion of the interventricular septum at the level of the insertion of the anterior 
mitral leaflet. The condition may be suspected by a systolic thrill and murmur 
most prominent at the apex and lower left sternal border and less apparent in 
the aortic area. The murmur may not be heard over the carotid vessels. 

Left ventricular angiocardiography may demonstrate the cause of obstruc- 
tion. The mobility of the membrane-like formation is of greatest importance 
in the diagnosis. The common subvalvular stenosis is caused by a fibrous ring 
which cannot make any appreciable movements. In our eases, however, the 


Fig. 6.—Photograph of the amount of muscular tissue excised from the left side of the inter- 
ventricular septum in order to produce a tunnel in Case 2. 

obstruction was caused by a mitral leaflet moving more or less freely during the 
heart cycle. In our first case this mobility was very easily demonstrated because 
of the very forward insertion of the anterior mitral leaflet, leading to an ideal 
lateral projection. In our second case, however, the insertion forward was not 
so extreme, which caused less favorable conditions for visualization with the 
conventional projections. The membrane itself was visible but the mobility could 
not be clearly demonstrated. The doming of the mitral valve, normally indicat- 
ing a mitral stenosis, may be explained by the abnormal direction of the mitral 
leaflets during diastole which was caused by the unusual insertion of the anterior 
leaflet and by the hypertrophy of the left ventricle. 

In both eases the coronary arteries were wider than in normal eases and 
even wider than in eases of valvular aortie stenosis with ventricular hypertrophy. 
The explanation of this observation may be the extreme degree of long-standing 
muscular hypertrophy. There is usually no post-stenotic dilatation of the aorta. 
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SUMMARY 


Two patients are described in whom functional obstruction to the left ven- 
tricle outflow was present with a significant pressure gradient between the 
left ventricle and the aorta. Autopsy in one of these patients demonstrated the 
abnormal position of the anterior mitral leaflet, which caused a systolic out- 
flow obstruction. Accordingly, a partial resection of the interventricular septum 
was performed on the other patient to widen the outflow tract at the level of 
the mitral leaflet. 
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SUBSIDENCE OF DILATATION OF ASCENDING AORTA AND 
AORTIC SINUS AFTER RESECTION OF COARCTATION 


Report of a Case 


Harold ]. Leider, M.D.,* and Israel Steinberg, M.D., 
New York, N.Y. 


HE DIAGNOSIS of dilatation of the aortic sinus and ascending aorta during 

life became possible with the advent of angioeardiography.’* The congenital 
type of unperforated aortie sinus (of Valsalva) aneurysm is apparently more 
common than previously suspected. In arachnodactyly (Marfan’s syndrome), 
for example, 10 cases of aneurysmal dilatation of the aortic sinuses were re- 
cently reported.*® Seven patients with aneurysmal dilatation of the aortic 
sinuses and coaretation of the aorta™?° have also been recently reviewed. Another 
ease of dilatation of the aortic sinuses and ascending aorta is herein recorded. 
It is unique because an angiocardiographic study made 1 year after surgical 
correction of the coaretation revealed subsidence of the aortic sinus and ascend- 
ing aortic dilatation. 


CASE REPORT 


A 14-year-old asymptomatic white schoolgirl had had a cardiac murmur since the age of 3 
months. Since that time she had been frequently examined; hypertension was first noted 
in the spring of 1958. In September, 1958, she had had an acute attack of appendicitis. 
The blood pressure in the upper extremities was 150/70 mm. Hg; in the legs it was not 
taken. Appendectomy was performed and was uncomplicated. Three months later, she 
was admitted to another hospital for cardiac catheterization and angiocardiographic study. 
The cardiac catheterization findings were unremarkable. Angiocardiography established 
the diagnosis of coarctation of the aorta. 

The patient was next admitted to St. Francis Hospital and Sanatorium on Dec. 29, 
1958. Physical examination disclosed a harsh systolic murmur at the third left interspace 
radiating to the neck. A pulsation was seen and felt under the inferior angle of the right 
scapula. The blood pressure in the right arm was 160/90 mm. Hg; in the left arm it was 
150/90. The blood pressure was absent in the legs. The femoral arterial pulsations in 
the groin were markedly diminished; the popliteal and dorsalis pedis pulses were absent. 

Laboratory data showed: erythrocytes, 4.4 million per cubic milliliter; hemoglobin, 
13.3 Gm. per 100 ¢.c.; hematocrit, 45 per cent; and leukocytes, 9,100 per cubic millimeter. 
The electrocardiogram was normal. The roentgenogram of the chest (Fig. 1, 4) showed 
slight enlargement of the left ventricle, a hypoplastic aortic knob, and no rib notching. 
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Angiocardiography (Fig. 1, B and C) made at Nassau Hospital on Dec. 23, 1958, dis- 
closed some enlargement of the left ventricle. The aortic sinuses were dilated and measured 
40 mm. in horizontal diameter; the mid ascending aorta was 35 mm. in diameter. Coarcta- 
tion of the aorta beyond the origin of the left subclavian artery was seen (Fig. 1, B and C). 

At operation on Jan. 2, 1959, the coarctation of the aorta was found to be 1.5 em. 
in length and to lie 1 em. beyond the origin of the left subclavian artery. There was a 
definite thrill distal to the coarctation. No gross abnormalities were discernible over the 
root of the aorta. The pericardium was not opened. In view of evidence of incomplete 
occlusion, a moderate hypothermia (94° F.) was induced prior to cross-clamping of the 
aorta. Resection of the coarcted segment and end-to-end anastomosis of the aorta were then 
performed. Upon discharge 10 days after operation, the pulses had returned in the lower 
extremities and the blood pressure in the arms was 130/80 mm. Hg; in the legs it was 178/110. 
The cardiac murmur was no longer heard. 


Fig. 2.—A, Left anterior oblique angiocardiogram made 1 year after correction of coarc- 
tation of the aorta. The left ventricle, aortic sinuses, and ascending aorta are normal in size. 
The slight indentation of the wall of the descending aorta marks the site of the aortic anas- 
tomosis (arrow). B, Tracing of A. 


The patient was readmitted to St. Francis Hospital and Sanatorium for angiocardio- 
graphic studies on Dec. 8, 1959. Physical examination showed the heart to be normal, 
there were no heart murmurs, and the electrocardiogram was normal. The blood pressure 
in the arms was 130/86 mm. Hg; in the legs it was 180/100. The conventional roentgeno- 
grams of the chest were normal. Angiocardiography (Fig. 2, A and B) disclosed the 
left ventricle to be normal. The aortic sinuses were also normal and measured 35 mm. in 
horizontal diameter6; the mid ascending aorta measured 28 mm., the average normal diam- 
eter.11,12 There was an excellent anastomosis of the aorta at the previous site of coarcta- 
tion (Fig. 2, A and B). 


DISCUSSION 


The patient just deseribed with dilatation of the aortie sinuses and coarcta- 
tion of the aorta is the youngest in the series diagnosed by angiocardiography.’° 


A. B. 


2 ae 5 DILATATION OF ASCENDING AORTA AND AORTIC SINUS 673 
Like the majority, she too was asymptomatic and suspected of having congenital 
heart disease because of cardiac murmur heard early in life.’° Later, with the 
development of hypertension, coarctation of the aorta was suspected. The con- 
ventional roentgenogram of the chest, although it showed left ventricular enlarge- 
ment and deformity of the aortic arch, failed to show notching of the ribs (Fig. 
1, A). The angiocardiogram revealed the characteristic adult type of coareta- 
tion, and dilatation of the aortic sinus and ascending aorta (Fig. 1, B and C). 

The angiocardiographic study a year after resection and end-to-end anas- 
tomosis of the aorta (Fig. 2, A and B) is striking in that it shows disappearance 
of this dilatation. Comparison of measurements in the preoperative angio- 
eardiograms with those taken on Dee. 9, 1959, almost 1 year later, gives unques- 
tionable evidence of reversal of the dilatation. This cannot be accounted for 
purely on the basis of radiological technique since the tube-to-film distance 
differed by only 4 inches with a degree of magnification amounting to less than 
one half of 1 per cent. This suggests that such changes are secondary to hyper- 
tension and are reversible. Accordingly, operation early in life before the 
base and ascending portions of the aorta are too widely stretched appears 
indicated. 

The surgical management at operation is routine for coarctation except 
when incomplete occlusion of the aorta is demonstrated. Hamilton and Abbott** 
found that rupture of the aorta, occurring most often immediately above the 
aortic valves, was the second (22 per cent) most common cause of death in 
coarctation. Therefore, undue stress after cross-clamping of the aorta should 
be avoided. It is suggested that in the presence of aortic sinus dilatation, the 
hypotensive effect of hypothermia or hypotensive drugs be utilized to prevent 
further dilatation of the sinus of Valsalva following cross-clamping of the aorta. 
Such a regimen has been discussed elsewhere.'* 


SUMMARY AND CONCLUSIONS 


Angiocardiographie study a year after resection of a coarctation and end- 
to-end anastomosis of the aorta in a 14-year-old schoolgirl revealed subsidence 
of dilatation of the aortic sinus and ascending aorta. These data suggest that 
such changes may be due to hypertension, the correction of which permits the 
structures to return to normal. Thus, operation early in life and before too 
prolonged aortic stretching has occurred is desirable. 


The preoperative angiocardiogram (Fig. 1, B) is published by permission of Dr. John 
Aiken of the Nassau Hospital, Mineola, N. Y. 
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BACTERIAL CONTAMINATION OF OXYGEN 
USED IN CARDIOPULMONARY BYPASS 


Importance and One Method of Control 


]D Mortensen, M.D., Scott M. Smith, M.D., and 
Gilbert Hill, Ph.D., Salt Lake City, Utah 


r MOST extracorporeal cardiopulmonary bypass machines there is direct and 
intimate contact between oxygen and blood for 30 or more minutes during 
each operation. If there were viable bacteria in the oxygen, there would be 
ample opportunity for contamination of the blood, hence infection of the pa- 
tient attached to the machine. That serious clinical infections from this source 
are rare is evident from the experience of all who are doing this work. Never- 
theless, infections do oceur in eases of bypass and prophylactic antibiotic eover- 
age is commonly given routinely in such eases. It is surprising that little 
attention has evidently been given to the possibility of bacterial contamination 
through oxygen in this type of case and that no effort is made to sterilize the 
oxygen used. We are aware of no reports on this subject in medical literature. 

Our interest in this problem was aroused during routine bacteriologic 
checks to determine sterility of our vertical screen pump-oxygenator. In every 
instance we found the blood circulating through the machine before oxygen was 
turned on to be sterile, indicating adequate sterilization of the machine parts 
and adequate aseptic technique for assembling the sterilized parts. However, 
on several occasions another culture of the blood taken just before attaching the 
machine to the patient proved positive. These second cultures were taken after 
oxygenation had been going on for approximately 10 minutes while the blood 
was recirculating in the machine. Therefore, becoming suspicious that oxygena- 
tion may at times introduce bacterial contamination of the blood, we proceeded 
to investigate this possibility by means of the study herein reported. 


DEMONSTRATION OF BACTERIAL CONTAMINATION OF OXYGEN 


A. Cultures of Blood From Bypass Machine—(Table I.) In 12 consecutive 
clinical bypass operations we cultured blood which had been recirculating in 
the machine for 10 minutes without introduction of oxygen. In each instance 
the cultures were negative. In 5 of these cases a second blood culture was taken 


From Departments of Thoracic Surgery, Anesthesiology, and Bacteriology, Latter-day 
Saints Hospital, Salt Lake City, Utah. 
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after 10 minutes of oxygenation (8 L. per minute) but before the patient was 
attached to the machine. Three of these 5 blood cultures grew out organisms, 
whereas none had had positive cultures before the oxygen was added. In 6 of 
the original 12 cases, blood cultures were taken after perfusion of the patient, 
which lasted from 20 to 70 minutes. In these 6 cases, one million units of peni- 
cillin had been added to the blood just before the perfusion began. Even so, 
one of the 6 post-perfusion cultures was positive. These findings rather con- 
clusively pointed out that oxygenation resulted in bacterial contamination in 
60 per cent of the cases tested, but that the contaminants were removed or 
rendered nonviable by perfusion and/or the addition of penicillin in 2 of the 3 
eases of contamination. 


TABLE I. EVIDENCE OF BACTERIAL CONTAMINATION OF OXYGEN BEING DELIVERED INTO 
CARDIOPULMONARY BYPASS MACHINE 


RESULTS 
POSITIVE NEGATIVE 
TYPE OF CULTURE TOTAL CULTURES CULTURES CULTURES 
A. Culture of blood from bypass 
machine (tryptose phosphate 
broth) 
0 12] 


[a. before oxygenation 12 


b. after 10 minutes of oxy- 
genation (but before per- 
fusion of patient or addition 
of penicillin) 5 3 
e. after addition 1,000,000 
units penicillin and per- 
fusion of patient (20-70 
minutes ) 

B. Culture of tryptose phosphate 
broth into which oxygen was 
bubbled (2 to 40 L. oxygen) 6 

C. Culture of Millipore filter pads 
through which oxygen passed 
(blood agar plate) 

a. during clinical cases of by- 
pass (260 to 750 L.) 16 9 7 

b. during culture tests (8 to 
50 L. oxygen) 6 

Total cultures of material ex- 

posed to oxygen under by- 
pass conditions 39 
*Does not include the 12 negative cultures obtained without oxygenation. 


21 18* 


B. Culture of Oxygen Used in the Operating Room.—(Table I.) Further 
evidence that the oxygen actually contained viable organisms was sought by 
bubbling oxygen, in the operating room, into liquid bacteriologic culture broth. 
In these experiments, we attached a sterile tube to the flowmeter just as though 
the oxygen was to be delivered to the bypass machine. Instead, it was bubbled 
aseptically into sterile bottles of culture medium (tryptose phosphate broth) 
which were then incubated. Six such experiments were done, utilizing from 2 
to 40 L. of oxygen flow in each case. In 5 of the 6 experiments, positive cultures 
resulted. Oxygen in our operating room comes from 2 sources, namely, (1) 
central oxygen tanks piped throughout the hospital and delivered from wall or 
ceiling outlets, and (2) portable oxygen tanks wheeled into the room when 
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needed. We did 3 of the above experiments from each source of oxygen, ob- 
taining positive cultures from all 3 samples of centrally supplied oxygen and 
from 2 of 3 samples from the portable oxygen tank. These data seemed to 
provide irrefutable evidence that oxygen utilized in bypassing contains viable 
bacteria. 


Fig. 1.—Filter holder for filtration decontamination of oxygen used in cardiopulmonary by- 
pass machine. 


: A, Disassembled filter holder showing parts. 
B, Partly assembled device showing Millipore filter in place. 
C, Completely assembled device ready for insertion into oxygen line. 
. D, Filter in place in oxygen line on bypass machine. The filter is inserted between the 
flowmeter and the oxygenation chamber. 


C. Culture of Millipore Filter Pads—(Table 1.) Since it is common bae- 
teriologie practice to utilize Millipore filters to determine bacterial contamina- 
tion of gases, we next passed oxygen (50 to 200 L.) from each source in our 
operating room through sterile (autoclaved) Millipore filter pads. The filter 
pads were then cultured. This was done 6 times, obtaining positive cultures 
3 times. Two of 3 samples from the central oxygen supply gave positive eul- 
tures while one of 3 samples from the portable tank gave positive cultures. 
These findings were later augmented by culturing the filter pads we had in- 
corporated into our clinical bypass machine. Sixteen consecutive operations 
were done in which oxygen that went to the heart-lung machine (200 to 700 L.) 


. 
bake: : 
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was first passed through the Millipore filter and the filter pad was then cultured. 
Positive cultures were obtained from 9 of the 16 filter pads from these cases of 


clinical bypass. 


DECONTAMINATION OF OXYGEN 


When it thus became evident that oxygen does contain viable bacteria and 
that the Millipore filter effectively removes bacteria, we incorporated such a 
filter into the oxygen line leading to our bypass machine. A special leak-proof 
filter holder was constructed* into which the 47 mm. diameter Millipore filter 
pad could be inserted aseptically. Such a device does not interfere significantly 
with flow of oxygen to the machine and is simple, reliable, and economical to 
operate (Fig. 1). 

In order to test the efficiency of this filter system to remove all viable bac- 
teria from oxygen, we first bubbled oxygen which had gone through the filter 
into culture media as described above. In all 5 such experiments (8 to 50 L. 
of oxygen from both sources), the cultures were negative. We then cultured 
blood from the bypass machine, oxygenated from 10 to 90 minutes with oxygen 
that had passed through the filter device. In 10 such tests we encountered no 
positive cultures. Thus, since we have been using the filter device described 
above, containing a 47 mm. Millipore filter of 0.45 micron pore size, we have not 
encountered a positive culture of either blood or culture media exposed to oxy- 
gen that had passed through the filter. This is in striking contrast to 21 posi- 
tive cultures in 39 such exposures to oxygen which had not passed through the 


filter. 


TYPE AND SOURCE OF BACTERIA WHICH CONTAMINATE OXYGEN SUPPLY 


In 13 of the 21 positive cultures obtained from our oxygen supplies, the 
organisms were accurately identified (Table II). All organisms were common 
air-borne contaminants. None are pathogenic under ordinary circumstances. 
Nevertheless the existence of viable, common bacteria in oxygen which has direct 
and intimate contact with large quantities of blood cireulating to the patient 
carries considerable significance. If these bacteria exist in, and can be cultured 
from, the blood in the bypass machine, then it would also be possible for other 
contaminants, some more virulent or pathogenic (ineluding the common hos- 
pital contaminant, coagulase positive, hemolytie staphylococcus), likewise to 
enter the patient from this source. 

Consideration of possible sources of contamination suggests a wide range 
of possibilities. The commercial production of oxygen does not produce a 
sterile product since it utilizes atmospheric air, the oxygen being concentrated 
by compression and cooling processes which do not kill bacteria. Any con- 
taminants in the air source could thus remain in the oxygen which is produced. 
The containers in which oxygen is stored and delivered are not sterilized and 
could be a source of contamination. Similarly, flowmeters, connecting tubes, 


*Developed and manufactured by Vacudent Company, 975 East 5th South, Salt Lake 
City, Utah. 
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TABLE II. TYPES OF BACTERIA IDENTIFIED FroM 13 PosiTIvE CULTURES OF OXYGEN USED 
IN Bypass MACHINE 


NUMBER OF 
TYPE OF ORGANISM POSITIVE CULTURES 


Staphylococcus 8 
(coagulase negative, nonhemolytic) 

Bacillus 3 
(gram-positive, aerobic rod) 

Coliform organism 2 
(gram-negative rod) 


13 


and valves attached to the oxygen tank or outlets from central oxygen supplies 
are not sterile, are not handled or attached aseptically, and certainly could be 
a source of contamination. We have not conducted studies aimed at demon- 
strating the actuality of these possible sources of contamination, but suggest 
such studies might prove interesting and helpful. 


SUMMARY AND CONCLUSIONS 


Oxygen utilized in clinical cardiopulmonary bypass procedures contained 
viable bacterial contaminants in 21 of 39 cultures made from (1) blood cireu- 
lating through the bypass machine, (2) oxygen bubbled into tubes of sterile 
culture broth, and (3) Millipore filter pads through which oxygen had been 
passed. 

Insertion of a suitably housed Millipore filter into the oxygen line, just 


before the oxygen is delivered to the bypass machine, reliably and effectively 
removes bacterial contaminants that would otherwise come into contact with 
blood in the oxygenator. 


. 
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BLOOD LOSS AND TRANSFUSIONS DURING CLOSED 
CARDIOVASCULAR OPERATIONS 


Robert D. Boone, M.D., and Harris B. Shumacker, Jr., M.D., 
Indianapolis, Ind. 


Pes ESTIMATION of blood loss and the use of blood transfusions during opera- 
tion varies widely from one institution to another. In some, blood loss is 
estimated roughly by the surgeon, the anesthetist, or both, and transfusions are 
given accordingly. In some, the administration of blood is apparently dependent 
upon observed alterations in pulse and blood pressure. In others a slow trans- 
fusion is begun at the beginning of the operation and the volume transfused is 
based upon pulse and pressure changes or observed blood loss. In still others, 
blood loss is estimated by some gravimetric or colorimetric method and replaced 
if needed. The relative frequency with which transfusions are utilized during 
operations in some institutions, and the infrequeney with which they are used 
in similar cases in our own, prompted us to undertake a gravimetric estimation 
of blood loss in closed cardiovascular procedures. 


MATERIALS AND METHODS 


This study comprises our experience with a series of 325 closed cardiovascular opera- 
tions carried out during a 2-year period. Open cardiac procedures are not included. The 
series is consecutive except for a few cases in which the data failed to be recorded on the 
chart or the chart could not be located at the time of the survey. Blood loss was calculated 
by gravimetric methods. A simple scale such as is normally used to weigh food for diabetic 
patients was employed. The scale is accurate to 0.1 Gm. Blood loss during the procedure 
was either removed by aspiration and collected in a bottle so that it could subsequently be 
measured or was absorbed on dry sponges of a uniform weight. When the pericardium was 
opened, the pericardial fluid was removed by aspiration into a separate bottle so that it 
would not be added to the blood collected. The known dry weight of the sponges was sub- 
tracted from the wet weight and the difference expressed in cubic centimeters of blood. 
Every effort was made to weigh the sponges immediately so as to minimize loss by evaporation. 

The operative technique utilized during this period of study was the same that is 
followed routinely in this clinic. Every effort is made to divide visible blood vessels between 
clamps or ligatures rather than to clamp them after their division. Hemostasis is secured 
by clamping and ligating vessels rather than by other methods. The cautery is employed, 
in general, only when heparinization during operation is required; it was rarely used in 
this series of cases. Nonabsorbable suture material is used throughout. 


From the Department of Surgery, Indiana University Medical Center, Indianapolis, Ind. 
Aided by grants from the U.S. Public Health Service and the James Whitcomb Riley 
Memorial Association. 

Received for publication May 18, 1960. 


680 


Vol. 41, No. 5 BLOOD LOSS AND TRANSFUSIONS 
May, 1961 


RESULTS 


Data have been recorded in Tables I, II, and III which deal, respectively, 
with acquired heart disease, congenital heart disease, and acquired lesions of 
the aorta and peripheral arteries. In Table I the results concerning mitral 
valvulotomy, cardiopericardiopexy, and pericardiectomy are tabulated. Trans- 
fusions were given to only 6 of the 108 patients undergoing mitral valvotomy, 
and no transfusions were required during the postoperative period. In 14 eases 
of cardiopericardiopexy no transfusions were given in the operative or post- 
operative period and there was no mortality. One patient undergoing pericardi- 
ectomy was given a pint of blood during the procedure, and one was given 
several transfusions postoperatively. There was no mortality. 

Blood loss during 12 subelavian-pulmonary artery and 3 aortic-pulmonary 
artery anastomoses was measured (Table II). The patients were all infants 
and children and the blood loss measured was small. Currently, we would be 
inclined to administer heat-stored plasma rather than blood in most eases of 
this sort. None of the patients required a transfusion postoperatively and there 
was no mortality. Fifty patients underwent transection of a patent ductus 
arteriosus. Blood loss was minimal. A transfusion was carried out in only 
four instanees. In 1 ease there was an accidental tear of the aorta and 2,000 
e.c. of blood was given. Two patients with pulmonary hypertension of systemic 
magnitude died. There were 12 cases of excision of coarctation of the aorta 
performed without mortality. Some required grafts. The average blood re- 
placement of 612 ¢.c. does not reflect the blood replacement picture accurately, 
as in a few patients there was a disappointingly large loss of blood which re- 
quired as much as 2 L. for replacement. Only half of the patients required any 
transfusion. Four infants treated by transection of a vascular ring sustained 
minimal blood loss. Two were given small transfusions. 

In Table III are recorded studies during operative procedures carried out 
for acquired lesions of the aorta and peripheral arteries. Blood loss was small 
during lumbar sympathectomy and the insertion of femoro-popliteal bypass 
grafts. A disappointingly large loss of blood was encountered in the treatment 
of aortic aneurysms. Although some of the 52 patients operated upon electively 
fer abdominal aortic aneurysms lost little blood and required no blood replace- 
ment, the average loss was a little over a liter and the average replacement 
1,060 ec. As might be expected, the 10 patients operated upon for ruptured 
abdominal aortic aneurysms lost more blood. This varied from a little less 
than 1 L. to 914 L. and the average was 3,816 ¢.c. An average of 4,106 ¢.c. was 
given during the procedure. Each patient treated by excision of a thoracic 
aneurysm lost from 2 to a little over 3 L., the average being 2,560 ¢.c. An 
average of 2,790 c.c. was given during the procedure and an average of 125 e.e. 
during the postoperative period. 

Hemoglobin determinations were obtained preoperatively and some days 
after operation. They were remarkably alike. Indeed, the mean postoperative 
hemoglobin value was only 0.4 gram per cent less than the preoperative value. 
This slight decrease in the mean postoperative hemoglobin results largely from 
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the fact that some postoperative bleeding occurred in some of the patients with 
aneurysms, the condition for which transfusion in the postoperative period was 
most often necessary. No case in which pulmonary edema was attributable to 
excessive fluid administration was encountered. There were remarkably few 
wound complications. 


DISCUSSION 


It is apparent that the objective of any surgical procedure should be the 
avoidance of blood loss by careful hemostasis. It is equally important to replace 
concomitantly excessive blood loss. It is well known that minor blood loss is 
well withstood. Most adults show no discernible ill effects from the loss of a 
pint of blood or less. One of the principal difficulties is the inability of most 
individuals to estimate, with any reasonable accuracy, the true blood loss. 

This estimate must be made during the operative procedure rather than 
afterward. When transfusion is required it is best administered concomitantly 
as blood is lost rather than later. Unfortunately, the currently available methods 
for measuring the circulating blood volume are not accurate and simple enough 
to utilize during the operative procedure. From. this elinie in 1924, Gatch and 
Little’ described for the first time a method for measuring operative blood loss. 
They utilized a colorimetric method which involved washing of soiled sponges 
and linens, laking the blood, and measuring the amount by matching the color 
against a known standard. This general principle has subsequently been refined 
by others. In 1946, Baronofsky and his associates? showed that the gravimetric 
method was as accurate as the colorimetric. This is the method which we have 
utilized. We realize that it is not entirely accurate. The chance of error would 
appear to be greatest with extremes of blood loss. If only a few cubic centi- _ 
meters of blood loss is measured, it is obvious that an error of a small number 
of cubic centimeters would constitute a considerable error in percentage. It 
would, however, be of little practical concern. At the other extreme, when blood 
loss is excessive, accurate measurement might be hampered by spillage of blood 
onto drapes and the operating table. Every precaution to avoid error was taken 
in this study and it is felt that the measurement of blood loss was satisfactorily 
accurate. 

There can be no doubt that care in securing hemostasis can minimize the 
loss of blood. Our own studies would suggest that the procedure of mitral 
valvulotomy, cardiopericardiopexy, section of the patent ductus arteriosus, lum- 
bar sympathectomy, femoral-to-popliteal bypass grafting procedures, for ex- 
ample, can be carried out rather regularly with minimal loss of blood and that 
blood transfusions are rarely required during such procedures. On the other 
hand, up to the moment our experience with the elective excision of abdominal 
aortic aneurysms would suggest that, although blood loss can be kept so small 
that transfusions are not required in some cases, sufficient blood is generally lost 
to necessitate blood transfusion. The situation is much the same with the pro- 
cedure of aortic-femoral bypass grafting. Our experiences indicate that opera- 
tions upon ruptured abdominal aneurysms and upon thoracic aneurysms are 
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attended rather regularly with a substantial loss of blood in spite of every effort 
to the contrary. To be sure, considerable progress has been made recently in 
this respect since we have utilized woven Teflon grafts for replacement of the 
thoracic aorta; they do not leak significantly in spite of the heparinization neces- 
sitated by the accompanying atrial-femoral bypass shunt. 

These studies confirm our conviction that careful hemostasis obviates the 
need for blood transfusion in a great many of the operative procedures per- 
formed, that the need for blood transfusion is better determined by actual meas- 
urement of blood loss than by any other method, and that the simple gravimetric 
method for estimating blood loss is practical and sufficiently reliable for the 
purpose. Measurement of blood loss during operative procedures may have an > 
additional beneficial effect. It tends to increase the operator’s effort to improve 
his technique and to minimize loss of blood. 

The objective of prevention of blood less rather than its replacement is 
obviously desirable. The rare but disastrous hemolytic blood transfusion reac- 
tion constitutes a disaster no surgeon wishes to face. The recent reports of 
Hoxworth, Haesler, and Smith® and of Allen and his associates* have called our 
attention emphatically to the not too rare transmission of the hepatitis virus by 
blood transfusion. Although it is apparent that excessive blood loss must be 
replaced at onee it seems equally evident that useless transfusions constitute a 
source of danger to be avoided. When blood loss is kept to a minimum, no 
blood transfusion is required. If it is judged that a single blood transfusion 
in an adult is needed, it is usually preferable to administer heat-stored plasma 
instead. 


SUMMARY 


Operative blood loss was measured gravimetrically during 325 operations 
upon the cardiovascular system. Blood loss was minimal during most of these 
procedures and blood transfusions were not necessary. Blood loss tended to 
be sizable in operations upon the thoracic or abdominal aorta. These studies 
suggest that the gravimetric method for measuring blood loss during operation 
is satisfactory, simple, and provides a good basis for judging the need for blood 
transfusions. 
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RAPIDLY REVERSIBLE ATELECTASIS DUE 
TO CHANGE IN POSITION 


Walter J]. Henry, M.D.,* and Laurence Miscall, M.D., 
Jamaica, N.Y. 


TELECTASIS may be defined as an imperfect state of expansion which results 

from the abnormal reduction of volume of gaseous elements contained in 
any segment of lung tissue. Bronchial obstruction is the common mechanism 
which produces this entity by preventing the normal ingress of air during in- 
spiration. As the gas in the involved segment comes into equilibrium with that 
in the circulating blood and, perhaps, in the. surrounding alveoli, its volume 
decreases and the segment shrinks. This accounts for the appearance of 
dyspnea, dullness, suppressed breath sounds, shift of adjacent structures, and 
the typical ground-glass appearance of the roentgenogram. The reciprocal re- 
lationship between the degree of bronchial obstruction and the rate of absorption 
governs the speed of development of the final picture. The process is usually 
gradual in onset and progressive unless the obstruction is relieved. This case 
is reported to demonstrate another mechanism which may occasionally produce 
a similar picture. In this instance complete lobar atelectasis developed in a few 
minutes after placing the patient in the supine position and just as quickly dis- 
appeared by reversion to the erect position. Pathologic examination after 
lobectomy indicated that a mobile bronchial tumor permitted rapid emptying of 
air from the lobe during expiration but completely obstructed the bronchus 
during inspiration in the supine position, while in the erect position both phases 
of ventilation were relatively normal. 


CASE REPORT 


J. N., a 65-year-old white man, was admitted to the thoracic surgical service of Queens 
Hospital Center on Jan. 5, 1959. He had been ill for one month with a dry cough, hemoptysis, 
substernal pain, and weakness. Nine months previously, a pre-employment chest plate had 
been interpreted as “normal.” 

Significant findings in a reclining position included diminished breath sounds with 
a minimal inspiratory wheeze over the left upper lung field. The first chest examination in 
the hospital on Jan. 6, 1959 (Fig. 1) showed only minor changes at the left apex. At 
bronchoscopy, complete obstruction of the left upper lobe bronchus by a neoplastic lesion 
was observed, and cellular washings were obtained. Since tomograms in the supine position 
on Jan. 18, 1959, (Fig. 2) showed complete left upper lobe atelectasis, another examination 
in the erect position was made on Jan. 20, 1959 (Fig. 3). This closely resembled the first 
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roentgenogram (Fig. 1). A roentgenogram was then made in the supine position (Fig. 4), 
which revealed atelectasis of the left upper lobe. The patient was then observed in fluoroscopy 
alternately in the upright and supine positions. The chest was clear in the upright position, 
but atelectasis appeared first when the patient reached a 45 degree angle and became fully 
developed in about 2 minutes after he reached the supine position. This was readily reversible 
by return to the erect position. 


Fig. 1.—Jan. 6, 1959. Roentgenogram taken with the patient in the erect position shows 
minimal changes at the left apex. 


Fig. 2.—Jan. 18, 1959. Tomogram taken with the patient in the supine position showed 
marked atelectasis of’ left upper lobe which was not present on a film made on Jan. » 1959. 

Fig. 3.—Jan. 20, 1959. Roentgenogram taken with the patient in the erect position shows 
cian clearing on the left when compared to Fig. 2. 


With a diagnosis of bronchogenic carcinoma, the chest was opened and an atelectatic left 
upper lobe was removed. The left upper lobe bronchus was transected 5 mm. from the left 
main bronchus. The specimen showed a small fungating tumor in the left upper bronchus 
distal to the line of resection which was free of tumor on microscopic examination. It did 
not completely obstruct the bronchus. On the evening of surgery during endotracheal suction, 
the patient suddenly coughed up a small ball of tissue about 1 cm. in diameter. On one 
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surface of this specimen a small area represented the site of attachment of a pedicle, present 
in the parent tumor. Both specimens showed anaplastic carcinoma. The pedunculated portion 
of the tumor had been detached by the manipulation of surgery into the tracheobronchial tree, 
but fortunately had been coughed out. 

Comment.—The rapidly reversible preoperative x-ray changes are readily 
explained by postoperative findings. From the carcinoma in the upper lobe, a 
pedunculated polypoid, mobile extension arose but produced lobar atelectasis 
only when it became completely obstructive in a supine position. Then 
atelectasis rapidly appeared as the free egress of air during expiration emptied 
the lobe and none entered during the completely obstructive inspiratory phase. 
Such reversibility has been described previously by Jackson,’ and Benfield and 
associates.” 


Fig. 4.—Jan. 20, 1959. Roentgenogram taken after the patient had been in the supine 
peattiear for less than’5 minutes. These rapid changes were repeatedly observed by fluoroscopy. 


Fig. 5.—Jan. 20, 1959. Tomogram taken with the patient in the supine position. 


SUMMARY 


A ease is reported to illustrate a mechanism of rapid reversibility of pulmo- 
nary atelectasis by change in position during x-ray examination. The hazard 
of detachment during operation is clearly demonstrated, but the fortunate post- 
operative course in this patient is no substitute for extreme care in the surgical 
manipulation of such lesions. 
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COARCTATION OF THE AORTA ASSOCIATED WITH 
INTRATHORACIC ANEURYSM OF THE 
VERTEBRAL ARTERY 


Stanley C. Fell, M.D., Elliott $. Hurwitt, M.D., and 
Allan E. Bloomberg, M.D., New York, N. Y. 


NEURYSMS of the vertebral artery are uncommon, almost always congenital, 
A and rarely extracranial.? *° 1? The purpose of this communication is to 
report the successful surgical management of an acquired intrathoracic aneurysm 
of the left vertebral artery and associated coarctation of the aorta in an adult. 


CASE REPORT 


A. C., a 39-year-old white man, was referred to the Montefiore Hospital on Jan. 22, 1960, 
for the treatment of a coarctation of the aorta and intrathoracic aneurysm. The patient 
had known of a heart murmur since adolescence. Subsequent to discharge from the Navy in 
1945, he was told of hypertension and an abnormal chest roentgenogram. He had been well 
except for some mild anterior chest pain. 

Physical examination revealed forceful pulsations in both supraclavicular areas, ptosis 
of the left eyelid, and miosis of the left pupil. The blood pressure was 195/105 mm. Hg 
in the left arm and 185/95 mm. Hg in the right arm. A Grade 2 systolic murmur was heard 
over the aortic area, with transmission to the back. The femoral pulses were barely palpable; 
no other pulses were noted in the lower extremities. Roentgenograms of the chest demon- 
strated a 7 cm. rounded mass with peripheral calcification in the apex of the left pleural 
cavity posteriorly, and bilateral rib notching (Fig. 1). A right retrograde brachial aorto- 
gram, with the catheter positioned in the ascending aorta, revealed dilatation of the vessels 
arising from the aortic arch; the spheroid mass opacified slowly during the study and was 
situated distal to the left subclavian artery. A coarctation of the aorta with moderate post- 
stenotic dilatation of the descending thoracic aorta was demonstrated. The aortic valves were 
well visualized and appeared normal (Fig. 2). The right radial pulse was not palpable 
following the examination, but returned 3 days later. 

On Feb. 4, 1960, utilizing hypothermia, a left thoracotomy was performed through the 
bed of the subperiosteally resected fourth rib (E. S. H.). A coarctation of the aorta was 
noted just distal to the origin of the left subclavian artery. A thin-walled, calcified, pulsating 
aneurysm was noted occupying the apex of the left chest subpleurally. The upper aortic 
intercostal arteries were considerably dilated. The subclavian artery and the aorta, proximal 
and distal to the coarctation, were mobilized and isolated, and the first two aortic intercostal 
arteries were divided. Pulsations in the aneurysm ceased when the subclavian artery was 
occluded (Fig. 3). It was decided to excise the aneurysm prior to resection of the coarctation, 
since cross-clamping of the aorta distally might lead to rupture of the aneurysm and un- 
controllable hemorrhage. 
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The aneurysm was dissected extrapleurally, with ligation of several communicating 
vessels from the thoracic wall. The sympathetic chain was intimately adherent to the wall 
of the aneurysm and was transected. The left subclavian artery was temporarily occluded 
proximally and the aneurysm was entered, its contents evacuated, and the sac excised. At 
this time it was possible to demonstrate that the aneurysm arose from an intrathoracic branch 
of the left vertebral artery, and this branch was ligated. Persistent bleeding at the apex 
of the left pleural cavity was controlled with an absorbable hemostatic packing.2 Extensive 


1. Fig. 2. 


1.—Chest roentgenogram which shows a calcified mass at the apex of the left hemi- 


Fig. 
thorax and bilateral rib notching. 

Fig. 2.—Aortogram demonstrating coarctation of the aorta, with moderate post-stenotic 
dilatation. The aneurysm overlies the distal subclavian artery. 
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Fig. 3.—The aorta is mobilized and the upper intercostal arteries divided. The aneurysm is 
dissected extrapleurally, with the subclavian artery occluded. 
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calcification in the transverse aortic arch necessitated separate clamping of the distal aortic 
arch and subclavian artery proximally prior to resection of the 1 em. coarctate segment and 
end-to-end anastomosis of the aorta. The duration of aortic occlusion was 65 minutes. 

The postoperative course was complicated by loss of the right radial pulse and a cool, 
slightly anesthetic, right upper extremity. This may have been caused by pressure on the 
right brachial artery (previously utilized for aortography) during the operation, which was 
performed with the patient in the right lateral decubitus position. Continuous stellate 


Fig. 4.—The postoperative roentgenogram of the chest shows a left paracardiac mass, possibly 
due to an aneurysm in the region of the aortic anastomosis. 


Fig. 5.—Aortogram performed 2 months postoperatively demonstrates an adequate anastomotic 
lumen, with no evidence of aneurysm. 
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ganglion block was instituted, with moderate improvement. The blood pressure in the left 
arm postoperatively was 128/80 mm. Hg, that in the right arm was unobtainable. Dorsalis 
pedis pulses were easily palpable. Persistent tachycardia and postural hypotension responded 
to replacement of blood volume deficit. The patient was discharged on the twenty-first post- 
operative day, at which time the blood pressure was 150/108 mm. Hg in the left arm, and 
still unobtainable in the right arm. The blood pressure in the lower extremities was 150/104 


mm. Hg. 

Pathologic examination of the aneurysm revealed atherosclerosis of its wall with ad- 
herent mural thrombus. It had one arterial stoma, 0.2 em. in diameter. The resected seg- 
ment of aorta measured 0.9 cm. in length and 1.2 em. in diameter; the lumen was stenosed 
to 0.6 cm. in diameter. When the patient was seen 3 weeks postoperatively, the blood pres- 
sure was 130/90 mm. Hg in the right arm and 136/90 mm. Hg in the left. The right radial 
pulse was palpable but weaker than the left. Dorsalis pedis pulses were strong bilaterally. 
The left Horner’s syndrome noted preoperatively was more marked. Roentgenograms of the 
chest at that time demonstrated an ovoid density in the region of the distal aortic isthmus 
(Fig. 4). Fluoroscopy and roentgenkymography suggested the presence of an aneurysm at 
the site of aortic anastomosis. A retrograde femoral aortogram was performed on April 11, 
1960. At this time the blood pressure was 140/95 mm. Hg in the right arm, 150/95 mm. Hg 
in the left arm, and 180/140 mm. Hg in both lower extremities. The aortogram demonstrated 
an adequate anastomotic lumen and residual post-stenotic dilatation of the descending thoracic 
aorta (Fig. 5). The ovoid paracardiac density was interpreted as a resolving mediastinal 
hematoma. The patient remains well and has since returned to work. 


DISCUSSION 


Arterial aneurysm may occur either proximal or distal to the coarctate 
aorta, or in both situations.’ * 1" Most frequent is the acquired aneurysm of 
the ascending aorta, resulting from atherosclerosis, medial degeneration, and 
dissection. Associated congenital aneurysms may involve the aortic sinuses,'* 
but are commonest intracranially along the course of the internal carotid artery,’ 
rarely involving the vertebral artery.* *° 

Post-stenotie dilatation and aneurysm of the aorta and its intercostal 
branches are also common. Turbulent flow, vibratory fatigue of the vessel wall, 
and the cavitation phenomenon have been implicated in their genesis.* 1°  Al- 
though the subclavian arteries and their branches are dilated and play a major 
role in the collateral circulation about a coarctation, apparently they are 
rarely the site of aneurysm. Fell’ described a successfully treated case of aortic 
coarctation and associated aneurysm of the left second intercostal artery. (This 
vessel originates from the superior intercostal branch of the costocervical trunk 
of the subelavian artery.) In his ease, a 22-year-old woman, the coarctation 
and a distal saccular aortic aneurysm were resected prior to excision of the 
4 em. proximal aneurysm. In the presently reported case, the thin-walled ealci- 
fied aneurysm was resected first to avoid the possibility of its rupture when the 
distal aorta was clamped. 

Consideration was given to the need for gaining control of the subclavian 
artery distal to the aneurysm. Had this been necessary, it was to have been 
done extrapleurally by resection of a portion of the first rib posteriorly; the 
position of the patient precluded a cervical approach to this vessel. 
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SUMMARY 


A case of intrathoracic aneurysm of the vertebral artery associated with 
coarctation of the aorta is presented, and its management discussed. 
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AN ANGIOCARDIOGRAPHIC STUDY OF DEXTROVERSION, 
PERSISTENT LEFT SUPERIOR VENA CAVA, ACQUIRED 
MITRAL STENOSIS, AND ABSENT LEFT KIDNEY 


Gunther L. Schreiner, M.D., and Harold A. Lyons, M.D., Brooklyn, N.Y. 


A PERSISTENT left or double superior vena cava as one of the congenital 
anomalies has received description for the first time in 1654 by Bartholinus.* 

The incidence of this anomaly has been reported to vary from 1 to 3 per 
cent ° of all congenital cardiac anomalies. It was only during the last decade 
that this anomaly was diagnosed more frequently in living patients and its 
surgical implication, when associated with other diseases, more fully recog- 
nized. * This persistence of the left cardinal vein system is usually associated 
with other cardiac anomalies. It occurs most commonly with cardiac septal 
defects or anomalous pulmonary drainage, the accessory superior vena cava 
leading into the right or left atrium.*»*%®1* Only few cases were found 
associated with dextrocardia, with or without transposition of other viscera.» ® 1” 
Campbell and Deuchar? found the anomaly associated with dextrocardia but 
without transposed abdominal viscera in 5 of their 46 cases of left-sided superior 
vena cava. With the more frequent use of angiocardiography for the study 
of cardiac disease, uncomplicated and asymptomatic persistence of the left 
supericr vena cava is found often incidentally. But with employment of the 
conventional method’ of injections of opaque media, ‘‘angiocardiography usually 
demonstrates only the vessel on the side injected, in the event that a double 
superior vena cava exists.’’? The following report presents a case of ‘‘isolated 
dextrocardia’’™* with double superior vena cava, acquired mitral stenosis, and an 
absent left kidney, in which only the second angiocardiographiec study, done with 
bilateral’® injection cf contrast medium, permitted visualization of both superior 
venae cavae. 


CASE REPORT 


J. P. (37929/1959) was a 20-year-old white Brooklyn-born laborer of Italian descent 
who was admitted to the hospital because of hemoptysis of one week’s duration. The 
past history showed that rheumatic heart disease had been established during childhood in 
the absence of joint manifestations. In 1951, the patient had had an acute recurrence of 
rheumatic fever and was treated with penicillin. At no time in his life had he had signs 
of heart failure. 
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On admission the patient was a well-developed, well-nourished young man in no 
acute discomfort. The lungs were clear to percussion and auscultation. The heart borders 
percussed 7 cm. to the left and 12 em. to the right from the mid-sternal line. The rhythm 
was regular with frequent bouts of premature ventricular beats. A harsh, systolic crescendo 
murmur, loudest to the right of the sternum and transmitted to the aortic area, was heard. 
The second mitral sound was of a rumbling quality. The neck veins were flat and the patient 
did not have peripheral edema. The laboratory studies were unremarkable, except for a 
persistent elevated antistreptolysin titer of 500 to 833 units. The C reactive protein was 
1+ or negative on repeated occasions. Blood urea nitrogen was 18 to 29 mg. per 100 ml. 
Repeated electrocardiograms showed right axis deviation (140 degrees) and frequent multi- 
focal premature ventricular beats. Venous pressure was 140 mm. H,O and 215 mm. H.O 
after pressure on the liver; the circulation time (arm-to-tongue) was 21 seconds. At the 
time of the studies, the patient was ambulatory and afebrile and had received 0.5 mg. 
digoxin by mouth daily. 


A. B. 

Fig. 1—A, Angiocardiographic study made of the posteroanterior view which shows the 
two venae cavae opacified and the left one emptying into the coronary sinus. Note also the 
lack of communication between the two vessels. 

B, Lateral view which shows the same relation but with the pulmonary circulation more 
fully opacified. 


An angiocardiographie study previously performed elsewhere demonstrated the dextro- 
cardia, the normal arrangement of the heart chambers, and the marked mitral stenosis. On 
a repeat study made in our department, where we routinely inject approximately 50 c.c. of 
90 per cent Hypaque into each arm, the second left superior vena cava was demonstrated 
(Fig. 1). No anastomosis was noted between this vena cava and that on the right. The 
left vessel led the bolus of contrast medium in front of the aortic arch behind the heart, 
where it drained via the coronary sinus into the right atrium. There was no retrograde 
filling of the hemiazygos vein. The heart was placed to the right of the spine, but, as the 
sequence of filling shows, the heart chambers were arranged in the usual way (Fig. 2). 
No shunt between the right and left and no abnormal pulmonary venous return was demon- 
strated. The left atrium, however, showed the typical spherical configuration of mitral 
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_Fig. 2.—A later PA serial film which shows the right chambers and pulmonary circulation 
opacified. Note the dextroposition of the right ventricle but also that the sequence of filling 


is normal. 


A. B. 
Fig. 3.—A, A still later serial film which shows the retention of the opaque medium in a 
large spherical atrial chamber, and the location of the left ventricle. This appearance of the 
left atrium is a characteristic finding in mitral stenosis. 
B, The lateral view shows the appearance of the left atrium and its enlargement and 
spherical contour with continued opacification, and the contrast with the minimal opacification 
occurring in the left ventricle. 
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stenosis, which was further confirmed by the delayed filling of the left ventricle (Fig. 3). 
A flat film of the abdomen, taken approximately 20 minutes after the injection of opaque 
medium, showed the absence of the left kidney and hydronephrosis of the right kidney. 
The rapid injection of 100 c.c. of contrast material was associated with only minor flushing. 


DISCUSSION 


It is desirable to diagnose in vivo any given cardiac anomaly to its fullest 
extent. Thus, in this patient, who was thought only to have mitral stenosis, an 
unexpected finding of a persistent left superior vena cava was discovered. The 
finding of this anomaly was of considerable value since surgical therapy was 
contemplated for this patient’s acquired mitral disease. With the more common 
use of bypass procedures during cardiae surgery, it is obviously of quite some 
importance to know beforehand the anatomic conditions and deviations from 
the normal, particularly of the heart and great vessels. It may be postulated, 
therefore, that preoperative angiocardiographic studies should be performed, 
at least in certain patients, in such a way as to secure the most information, 
for example, by injecting the opaque medium bilaterally into each arm, rather 
than unilaterally or by selective angiography, thus outlining the total venous 
return to the heart from the upper thorax. 

A review of the literature shows that individuals with any of the described 
anomalies are more prone to rheumatic valvular disease than those individuals 
with normal hearts and great vessels. The explanation for this is lacking. The 
acquired valvular disease in this patient produced the symptoms and initiated 
the additional diagnostic studies. Patients with symptomatic heart disease usu- 
ally receive complete studies, but those with asymptomatic cardiae problems do 
not usually have full studies performed. Since renal abnormalities oceur in 10 
per cent of patients with congenital anomalies of the heart, pyelograms become 
of considerable value. The pyelograms can be made routinely after completion 
of the angiocardiographie procedure by making a flat plate of the abdomen. 
This diagnostic procedure is recommended as a part of the angiocardiogram. 
The application of this recommendation proved helpful in disclosing the un- 
suspected renal abnormalities of this patient. 


SUMMARY 


A ease of isolated dextroversion with a bilateral superior vena cava, 
acquired mitral stenosis, and absent left kidney, studied by angiocardiography, 
is presented. The persistent left superior vena cava drained into the coronary 
sinus. The value of angiocardiography. in conjunction with pyelographie study 
is stressed for the study of all congenital heart lesions. The importance of bi- 
lateral injection technique for angiocardiography is discussed. Complete studies 
for all congenital anomalies, symptomatic and asymptomatic, is recommended. 
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A SIMPLIFIED APPARATUS FOR GAS ANALYSIS 


Edgar J]. Poth, Ph.D., M.D., Galveston, T exas 


A RAPID, moderately accurate, and simple method for the determination of 
carbon dioxide (CO.) in gases is often needed in clinical studies. This 
equipment was devised for the determination of CO. in conjunction with an 
extracorporeal heart-lung apparatus incorporating a closed oxygenation chamber 
recently developed in this laboratory. Recirculation of the gases eliminates 
drying of blood and excessive heat exchanges. The CO, is removed from the 


Fig. 1—The construction of the apparatus is obvious in this diagram. The measuring 
equipment consists of two Luer-Lok syringes: A, 2.0 c.c., and B, 10 c.c. oiled with mineral oil. 
A cut-out wheel, W, equipped with 3 stop screws, F, G, and H; is attached to syringe B. F, 
G, and_H are adjusted as indicated to permit filling B to 10 cc. in Z, 9.0 cc. in Y, and 8.0 
cc. in X. E is charged with 40 per cent KOH solution. Manometer M, a transparent plastic 
tube, is filled with water as indicated. Cock C connects the “sample” inlet to the apparatus, 
the ‘‘sample” inlet to the “exhaust,” and the “exhaust” to the apparatus. _ 

The actual analysis is performed as follows: (1) The KOH solution is drawn up to O 
and valve D is closed, the plunger in A is pushed in completely. (2) The sample tube is 
attached to C, the sample should be at a pressure slightly above atmospheric. (3) B is filled 
to the 10 c.c. mark by withdrawing the plunger to impinge on F. (4) C is turned to connect 
the apparatus to ‘‘exhaust” and equalize the pressure to atmospheric as indicated by M. (5) 
C is closed. (6) D is opened and the gas is washed into and out of the CO: absorption 
chamber, EF, 3 or 4 times. (7) The plunger of B is now drawn out to impinge against stop G 
to contain 9.0 c.c. (8) Plunger A is withdrawn to bring the level of the KOH solution to O 
and D is closed. (9) A is adjusted to equalize the levels in manometer, M. 

(volume in A) multiplied by 10 equals the percentage of CO. in the sample. . 

xX 10 = per cent COx. Should the sample contain 10 to 20 per cent CO2, B is adjusted in the 
final setting to contain 8.0 c.c. by withdrawing the plunger to impinge on stop H. A is 
manipulated to bring the level of the KOH solution to O and, after closing D, the levels in 
M are equalized. 

Now 2.0 — (volume in A) multiplied by 10 equals the percentage of CO in the sample. 
(2.0 — vol. A) X 10 = per cent COr. 
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gases in the oxygenation chamber by bubbling the gases through a 40 per cent 
potassium hydroxide (KOH) solution then washing and restoring the vapor 
pressure by passing through water. The partial pressure of the CO, in 
contact with the oxygenated blood is controlled by the rate at which the gases 
are recirculated through the oxygenator in the same direction as the blood flow. 

The actual analysis is completed in 1 minute, with an accuracy of 0.25 per 
cent. 

The apparatus, which uses the usual calibrated syringe as the measuring 
equipment, is small and sufficiently compact for portable use at the bedside to 
analyze alveolar air. It is simple to operate. 

Obviously, the apparatus can be used to analyze for oxygen by adding an 
absorber charged with pyrogallate. 

The small errors introduced by changes in temperature and vapor pressure 
are ignored and will fall within the 0.25 per cent accuracy since the analysis 
ean be performed so rapidly. 
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